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ABSTRACT 


Forty-five playing members of the University of Alberta inter- 
collegiate football team were evaluated on twenty-nine physiological 
variables from data collected during a maximal treadmill run, an 
endurance stair run, a power stair run, Cybex knee flexion and 
extension strength, power and endurance tests, underwater weighing, 
an agility run, sprint tests and a biopsy sample of the vastus lateralis 
muscle. Correlations were computed between all twenty-nine variables. 
Pre-season and post-season data on the nineteen variables measured by 


the Cybex tests, the stair run tests and the VO, max test were analyzed 


2 
by a RMAOV1 to determine whether de-conditioning occurred over the 
competitive playing season. The football players were grouped by 
position and the means of the twenty-nine variables for each group 
were analyzed by an ANOVAI1 to determine whether significant differences 
existed between the groups. The player groupings were: running backs 
(RB), wide receivers (WR), inside receivers (IR), offensive lineman 
(OL), defensive lineman (DL), linebackers (LB), defensive backs (DB), 
and quarterbacks (QB). 

Vastus lateralis enzyme activities and % fiber population had 
low correlations with all non-biopsy variables. The twelve variables 
generated by the Cybex tests had high correlations with each other but 
low correlations with all other variables. High correlations were 


observed between the three power stair run variables and the two sprint 


run variables. 
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Vo., max significantly decreased over the season with DB showing 
the greatest drop. Freestyle stair run times were significantly 
faster post season with the WR and IR showing the greatest improvement. 
Maximal hamstring torque at 30 /s significantly increased post-season 
with DB showing the greatest improvement. Maximal hamstring torque at 
180 /s significantly increased post season with OL, DB and WR displaying 
the greatest improvements. Maximal quadricep torque at 180° /s signifi- 
cantly increased post season with DB showing the greatest improvement. 
For the majority of the twenty-nine variables the following groups 
had similar physiological profiles: (1) DL, OL and LB (2) DB, WR and 
QB (3) RB and IR. Generally speaking, the group consisting of DL, OL 
and LB were the strongest, fatigued the quickest, had the lowest aerobic 
power, had the highest % body fat, were the slowest and least agile, 
had the lowest enzyme activities in vastus lateralis muscle and had the 
lowest % FT fibers in vastus lateralis muscle while the group consisting 
of DB, WR and QB were at the opposite end of the rankings for the same 
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INTRODUCTION 


With the advancement of knowledge and techniques in exercise and 
cellular physiology man is now capable of gathering physiological, histo- 
chemical and biochemical data on athletes that will not only aid coaches 
in their task of selection, deployment and preparation but will also 
further advance scientific knowledge in these related fields. Unfortunately, 
not many researchers in exercise and cellular physiology combine all three 
forms of data collection to give an over-all picture of the athletes 
abilities, potentials and state of training. Just as unfortunate is the 
lack of availability of this type of research to the coach and physical 
educator. There have been a few studies published (Edstrom and Ekblom 72, 
Gollnick et al. 72, Costill et al. 73, Schreiber 73, Karlsson et al. 75, 
Prince et al. 76, Costill et al..J6a, Costildl etial.. /6b, Tesch: et al. 76) 
which report normative data on athletes but it is questionable whether 
this information has reached the coach or been helpful to the coach. The 
sample populations for these studies have been relatively small and selective 
to athletes who participate in individual sports ( such as distance runners 
and weight lifters ). The parameters measured have centered around aerobic 
capacities as well as % muscle fiber type and muscle cross-sectional areas. 
Performance datum, to give an indication of the caliber of the athletes, were 
seldom reported. Therefore, datum on physiological profiles of athletes that 
are available at present are helpful only to those athletes at the two ends 


of the scale (high aerobic capacity versus high anaerobic power). 
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Generally speaking, team sport athletes are quite different from 
the high aerobic capacity and high anaerobic power type athletes. Athletes 
partaking in team sports need to possess more than one physical trait 
or fitness component to be successful in their sport whereas the athlete 
who has a high aerobic capacity and who can utilize a high percentage 
of this capacity without having to generate energy anaerobically can be 
a very successful long distance runner. Likewise, the strong and powerful 
weight lifter does not need a high aerobic capacity to be a successful 
competitor. Therefore, when attempting to establish physiological profiles 
for a team sport all components of physical fitness which contribute to 
successful performance should be measured. Football,which involves a large 
number of players per team as well as many positions where possible 
physiological differences could exist, should be a good example of a 
team sport where many of the physical fitness components need to be developed 


to a high degree to produce successful performance. These fitness components 


would include: 


1% Cardio-respiratory efficiency - aerobic capacity, 
t1% Muscular strength, 

oh Muscular power, 

4. Muscular endurance, 


oi Energy production - anaerobically and aerobically. 


Many football players spend months of intense training in preparation 
for the season and two-a-day training camp practices. However, once the 
season has commenced most discontinue their rigorous weight training and 


running programs with the belief that further training will be detrimental 


Ri a i % | Ce ‘ay 


7a ai Wr vy ™ ie a 
‘ a : ; my vA ; 
, Pia v=) \ ' 
Ay iS SA | ; é } , , ee ty 
Se a ais 1) eek 7m Pio , i "i 
. | ne ty, ; ; a , Rt a : an a Po Tt 


wort, te navattih arth ore ae 


seiettth .20fsidis! on ett fowag edits one ‘i oe 


+te7x3 feoreyite Bh gts. 3 TOR hasan ‘ boet sores wie a 
e¥ettih eis emote tooge eds Te ale ms v4. vena 


/ sg 72 Hb 9159 ny bat yet eer 53 ow. nee oh ‘ae 


_ ; 7 m xT 
def geo: Vo SEH VERS aS 


a 


wawand Gas arose ada, geke at 


7 ie ne 
| 
sungiie 9 sd tt ytioaqes “yndolagls an ‘8 aa seh to 
i¢- rT forevdy datideias 6 + lone Aotiy te mn 
SF ‘tdon a7litw aaswap?, Les teyip ae rill ae 


Yat ere ee eile: ma i Ta *t 


OM, 


eeu! Hie RL Wey aie ‘ah bhai 1 dees tna’ 


LOGE ST Sa ae +S Sri iti ne eet Laing tn te , 
; i 


AS f2nowmiOon., 28 ond eit 4 SRS U STAN, Oh oe vi eenshgh ines ay r 
7 el } 4 


a 


ork OA ee HL yt Ot 
7 ) ee Lion if 
Goes rear 


(aban ofde sais: - oy wena tite siesgieerne ' a 4 
. rial cai ve bev, | 

et ba aston paisa Me, 
amet baad i | sr bs aac a - ee 


to their performance. Most football players also consider two hours of 
on the field practice sufficient to maintain their fitness level. Coaches 
also foster this belief by devoting minimal time to physical fitness 
training during practice situations. It is the contention of many 
exercise and cellular physiologists that if athletes are highly trained 
prior to in-season practices a de-conditioning process will occur over 

the duration of the season resulting in lower levels of physical condition 
at the end of the season. 

Theoretically, all football players should possess the ability to 
rapidly contract muscle, to develope large amounts of muscle force and to 
rapidly resynthesize adenosine triphosphate (ATP) both anaerobically and 
aerobically. The degree to which they are capable of displaying these 
abilities will vary by position and is dependent upon their genetic 
endowment (Klissouras 72, Klissouras 73, Komi et al.73, Leitch et al. 75, 
Weber et al.76) and level of training (Keissling et al. 74, Thorstensson 
et al. 75, Saltin et al. 76, Thorstensson et al. 76a, Thorstensson and 
Karlsson 76b, Andersen and Henricksson 77, Bylund et al./7/7, Henriksson 
and Reitman 77). 

Running speed, which is an essential quality needed by football 
players, is dependent upon stride frequency and stride length. Stride 
frequency is correlated to the contractile speed of the muscles involved 
whereas stride length is correlated to the force generated by the leg 
muscles through the foot to the ground. The contractile speed of a 
muscle has been correlated to its myosin adenosine triphosphatase (ATPase) 
activity (Barany 67). This enzyme catalyzes the breakdown of ATP to 


produce energy for muscular contraction. The amount of tension a muscle 
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is capable of developing is correlated to its content of contractile 
protein or crossbridges (Gordon et al.67, Jaweed et al. 74). Fast 
contracting muscle fibers (FT) possess high concentrations of myofibrillar 
ATPase (Close 72, Burke and Edgerton 75, Essen et al. 75, Thorstensson 
et al. 77a), a faster reaction velocity of myofibrillar ATPase (Sreter 69, 
Close 72, Burke and Edgerton 75) and greater contractile protein content 
(Goldspink 70, Close 72, Burke and Edgerton 75) than slow contracting 
fibers (ST). Therefore, successful football players would be expected 
to possess a percentage of FT muscle fibers greater than that of ST. 
This percentage FT population would likely vary by position but the top 
player at each position might well be the one with the greatest percentage 
of FT muscle fibers. To test this hypothesis muscle fiber populations 
will be determined histochemically, myofibrillar ATPase activity will be 
determined biochemically and these results will be cross-correlated with 
running times and measures of leg power and dynamic leg strength. 
Football, regardless of position, is an explosive activity requiring 
the immediate production of energy for maximal muscular contraction. 
The average time of sustained maximal effort during one play would be 
approximately five seconds. Between plays, the recovery time would be 
approximately thirty-five seconds. A sustained march resulting in a 
change-over of possession of the ball could require as many as fifteen 
plays. 
The hydrolysis of ATP causes shortening of the contractile structures 
and is the direct energy source for mechanical work. This phenomenon 
was observed by Davis et al. (59) who upon poisoning isolated muscle with 


1 - Fluor - 2, 4 - dinitrobenzene (FDNB), a chemical which inhibits 
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creatine kinase and myokinase and prevents the resynthesis of ATP from 
oxidative phosphorylation or glycolysis, induced muscular contraction 
resulting in a decrease in ATP, an increase in inorganic phosphate and 
no change in creatine phosphate (CP) or creatine content. However, under 
these conditions the muscle was only capable of contracting a few times. 
Therefore, for muscular contraction to continue ATP must be resynthesized. 
The resynthesis of ATP occurs through different metabolic gene 
but in a specific order. Creatine phosphate is an energy source found 
in the muscle cell which is capable of immediately resynthesizing ATP. 
This energy source can be sustained for approximately 10 § and has a recovery 
half time of approximately 30 s (Fox and Mathews, 74). Glycogen is 
an energy substrate that is stored in muscle and liver. During high 
intensity exercise this stored carbohydrate will generate ATP in 
a matter of seconds, via anaerobic glycolysis (Scopes, 74). Lactic acid 
is an end product of this energy pathway. During less than maximal 
exercise the same stored glycogen as well as circulating glucose can be 
converted into acetyl coenzyme A which can enter the citric acid cycle 
and the electron transport chain and be used to generate ATP aerobically. 
Stored triglycerides can be lipolized to form free fatty acids which are 
transported to the muscle cell where they also can enter the citric acid 
cycle and the electron transport chain and be used to generate ATP aerobically. 
However, the aerobic breakdown of stored substrates is slow compared to 
anaerobic glycolysis and the creatine phosphate reaction. This is due 
to the lag time needed to get the necessary substrates and co-factors 
into the energy generating machinery of the mitochondria (McGilvery,75). 


As well the extraction system which removes these substrates and co-factors 


i 
, 
= 
4 
, 
j 
° ant 


Seba Lire mre Speen > 


beak gir tes , 24 Iya * 
eyaonzern ollodaism ae tito Peoote a YOst 3 
heme pra yt o¥sns “ng.al anpayagite ‘atabll beahs seat 
s3TA ‘ee PS 1 AV GS? Vas ; ; TOE L 1c & tangy we aon ‘Hews | 


aq Meo ote wie wk ilps ee fdsy ‘heieg cok ele a : * lKit : 


ites Wabviw ab.toes vende’ ways Prt © a REN with intern 

bion retry vofia ert, fe soda ie aud cits cus 
Ailewideres ITA anarsihy: oF A: a tc eine aehailesg ines “ 
a, baiawangs ag: wi vereani heey Mrahecb mien t 93 a 


ett th Bo atushiorrans st ae 


bre. soe cdiqncdg client at ‘sit 


boa 4 (AY /abqene) 6 helene itso) ahy i 
1 ; bce nn ; any 


gotta ise vaca ne aaiibisk 


. 
e 
~ 
eS 
——. 
« 
‘ 
-4 
é 
- 


iehsiced Wail Sek ee beste olf: Co none 
| af o “xbbtven ih | 
ets! mt wht bde stoate ‘ sell ‘pea a: a 

ee eT 0 beep 


BS 
& 
“ 
x 
=e, 
r 
= 
= 
" 
rl 
~ 


PKS May eid s re ae “a ya Hor ah 
ne 
elvis OE aR ah Bes “iid vets pao wath i ey pedi ae: 
Leon Hibs a2 eh A om bet sia i i: 


ini 


sit #1 oreT Asrattss Aptaliencins silien ed » Bik praee 
Sched baie Sarwan ae a dy tes ti 


th 


oe " aie 


from the blood is limited by the rate of blood flow which in turn is 
limited by the intensity of the exercise. Thus, aerobic production of 
ATP is dependent upon the intensity of the exercise. During high 
intensity work very little, if any, ATP is regenerated in working 

muscle via aerobic pathways. However, overloading the aerobic system 
during training sessions will increase its role in energy production in 
exercising muscle during high intensity exercise. During a football 
game the creatine phosphate reaction and anaerobic glycolysis generate 
ATP for the periods of maximal intensity while all systems and pathways 
will resynthesize ATP and CP during the stoppages in play or recovery 
period. The different metabolic reactions used in the resynthesize of 
ATP during a football game can be monitored by measuring the activity of 
key enzymes in the respective reactions. Therefore, creatine kinase, 
lactate dehydrogenase and succinate dehydrogenase activity were measured 
from biopsy samples of football players. 


The purposes of the study are: 


Ls To compile profiles, based upon histochemical, biochemical 
and performance data for varsity football players. 

2 To determine whether de-conditioning occurs over the 
three month football season. 

SF To determine whether the physiological profiles of wide 
receivers, inside receivers, quarterbacks, running backs, 
offensive linemen, defensive backs, linebackers and 


defensive linemen differ from one another. 
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METHODOLOGY 


SUBJECTS 


Permission was obtained from the coaching staff of the University 
of Alberta Intercollegiate Football team to administer a battery of 
tests to all individuals who attended their 1977 training camp. Prior 
to training camp a letter explaining the purposes of the testing was 
sent to all prospective "Golden Bear" football players. This letter was 
endorsed by the coaching staff. In effect, the coaching staff indicated 
that the results would be used for evaluation purposes. However, 
since the majority of testing occurred prior to the start of training 
camp, the coaching staff did not make participation mandatory. 

A copy of the letter that the players received can be found in Appendix 


B. 


DESIGN 


All players were assigned to a group based upon the major position 


played during the 1977 season. The groups selected were: 


(1) Running Backs, 
(2) Wide Receivers, 
(3) Inside Receivers, 
(4) Offensive Lineman, 
(5) Defensive Lineman, 


(6) Defensive Linebackers, 
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(7) Defensive Backs, 


(8) Quarterbacks. 


Five tests were selected based upon their ability to measure aerobic 
capacity, anaerobic capacity, leg power, leg strength and leg endurance, 
for pre and post analysis of any de-conditioning which might occur over 


the football season. These tests were: 


(1) Maximum Oxygen Consumption - aerobic capacity, 

(2) Endurance Stair Run - anaerobic capacity, 

(3) Power Stair Run - leg power, 

(4) Maximal Knee Extension - Flexion Torque on Cybex II - 


leg strength and power, 
€5") Maximal Knee Extension - Flexion Endurance on Cybex II - 
leg endurance. 
Four additional tests and a muscle biopsy from the vastus lateralis 
were also administered to collect data for other physiological variables. 


The remaining four tests were: 


(6) Percent Body Fat, 
(7) Agility Run, 
(8) Sprint Speed over Ten Yards, 


(9) Sprint Speed over Forty Yards. 
The muscle biopsy was used for the following analysis: 


(1) Percent Muscle Fiber Population, 
(2) Succinate Dehydrogenase Activity (SDH) 


(3) Lactate Dehydrogenase Activity (LDH) 
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(4) Creatine Phosphokinase Activity (CPK), 


(5) Myofibrillar Adenosine Triphosphatase Activity, 


All data was used to determine whether the eight groups differed 
significantly from one another and if so for which variables. Since 
the objective was to establish a physiological profile of a 
football player by position, only data from individuals who practised 
and competed with the team during the season was used for this analysis. 
Finally, to see whether any relationship existed between the measured 
variables, correlations were computed using pre test data from all subjects. 
Due to technical difficulties percent body fat was not measured until 
the week of October 2nd, ten and forty yard sprint speed the week of 
October 16th, and agility run time the week of October 30th. A111 other 
testing was completed prior to the teams first league game on September 
10th. All post-test data was collected within two weeks of the Wednesday 


following the final game or by November 16th. 


STATISTICAL ANALYSIS 


The ten different tests utilized in this study provided a total 
of twenty-nine variables. Due to unequal sample size for most of the 
variables a one-way analysis of variance (ANOVA1) was used to determine 
whether a significant difference existed between the groups of football 
players. The Newman-Keuls post-hoc test was used whenever a significant 
F value was found to show which groups significantly differed from one 


another. A one-way repeated measures analysis of variance (RMAOV1) was 
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used to determine whether a significant difference existed between 
the nineteen pre-test and post-test variables. 

A Pearson Product Moment Correlation for missing data (DEST@#5 from 
the DERS computer program documentation) was used to compute a correlation 
matrix for all twenty-nine variables as well as calculate the mean, 
standard deviation and the probabilities that the correlations in the 
population from which the sample was drawn are equal to zero. 

The input portion of the ANOVA1, RMAOVI and DEST@5 can be found 


in Appendix C. 
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ADMINISTRATION OF TESTS 


1. Maximum Oxygen Consumption 


Maximum oxygen consumption was measured by the Beckman Metabolic 
Measurement Cart while running on a motor driven treadmill. The metabolic 
cart gives a read-out which includes expired volume, oxygen consumption 
in liters per minute and in milliters per kilogram per minute, respiratory 
quotient, percent oxygen and percent carbon dioxide. Volumes are auto- 
matically corrected for STPD and BTPS. For the warm-up, which lasted 
three minutes, the treadmill was set at a five percent grade and seven 
miles ver hour. For the exercise bouts the treadmill speed 
remained constant at seven miles per hour and the elevation was increased 
two and one-half degrees every minute. Oxygen consumptiou was recorded 
every thirty seconds until a maximal value was reached. Criterion for 
having reached maximal oxygen consumption was that point where oxygen 
consumption levelled off or decreased ( within 100 ml ) with an increasing 


work load. An example of the printout for a subject is found in Appendix D. 


2. Ten and Forty Yard Sprint Speed 


Photo-electric cells were utilized to measure velocity to the 
nearest one-hundredth of a second over a distance of ten and forty yards. 
This test was administered on the running track in the ice hockey arena. 
The subjects began from a stationary position utilizing the starting 
technique of their choice. A set of photo-electric cells were situated 
on the starting line, and at ten and forty yards from this line. Timing 


clocks were connected to the sets of photo-electric switches positioned at 
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12 
ten and forty yards. On his own volition the subject sprinted fifty 
yards as fast as possible. By breaking the light emitted from the 
photo-electric cells the subject started the timing device on crossing 
the starting line and stopped a clock after having run ten yards and another 
clock after forty yards. Each subject warmed-up prior to his sprint run 
and the fastest time of two trials was used as his score. A minimum 


of five minutes recovery time was taken between trials. 


3. Power Stair Run 

A system utilizing electronic timing pads connected to a clock 
eecedey. was set up to measure to the nearest one-hundredth of a second, 
the time taken to run at top speed up a flight of stairs. The stairs 
were located outside the main basketball gymnasium at the University of 
Alberta and lead up to the balcony seats. There were twenty steps with 
a combined vertical distance of 3.8 meters (19 cm/step). A two meter 
long flat surface between the tenth and eleventh steps interrupted the 
vertical climb. Each subject was requested to perform two different 
tasks of running up the stairs. The first task was to ascend the stairs 
as quickly as possible taking only two steps at a time and with only one 
step on the flat surface between steps ten and eleven. Therefore, the 
subject landed on steps two, four, six, eight and ten took one step on 
the flat and then landed on steps twelve, fourteen, sixteen, eighteen and 
twenty. One electronic timing pad was placed at the base of the stairs 
to start the clock while the pad on step twenty stopped the clock. The 


second task (freestyle) was to ascend the stairs as quickly as possible 


* Automatic Performance Analyzer - Dekan Industries, Illinois. 
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but this time no restriction was placed upon the number of steps that 

could be taken in one stride. Prior to the testing situation (not more 

than three days) every subject practiced each task a minimum of twenty 
trials. On the testing day every subject was entitled to three warm- 

up runs for each task at seventy-five percent of maximum speed. All 
subjects performed five runs for each task at maximal speed and the 

fastest time was used for statistical analysis. Sufficient time was allowed 
for recovery between trials and between tasks, and subjects were informed 


Of their times on each trial. 


4. Endurance Stair Run 

This test utilized the same recording device as used for the 
power stair run. The object of this test was to ascend the stairs as 
quickly as possible and for as long as possible while carrying an additional 
10% of body weight. The weight was carried in a specially designed belt 
supported with shoulder straps. (See Appendix E). Lead shot in two, 
one, and half pound bags, which slipped into pockets on the belt, served 
as the weight. The ten per cent weight was rounded off to the nearest 
one-half pound. All subjects were informed that the fastest time of 
their first five trials was used in assessing their leg power and that 
less than maximal effort on each trial could be detected by their drop- 
off rate. All subjects discontinued running when their times for three 
consecutive trials were each one second slower than their fastest time 
of the first five trials. No subjects were informed as to the stopping 
criterion, but all were told that the total number of trials completed 


was not as important as the number of times they could maintain close to 
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their best time. Thus, the emphasis was to go "all-out" for as long as 
possible rather than less than maximal effort for a longer time. This 
usually meant that the subject stopped due to fatigue before having reached 
the pre-set stopping criterion. Whenever possible, two subjects ran at 
the same time. As one ran up the stairs the other came down. A maximum 
of fifteen and a minimum of ten seconds was taken between the completion 

of one trial and the start of the next trial. The sum of trials between 
start and cessation of running as well as the rate of decrease in time 
were used for statistical analysis. This test was not administered on 


the same day as the power stair run. 


ae agility Run 


The photo-electric timing system was used to time this run. One 
set of cells was set up at the start of the course and another at each 
finish line. The course was designed to simulate the movements a football 


player might make during a game situation (see Diagram 1). 


—-—--— signal lights 
Diagram 1. Agility Run Course 0 0 blocking 
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The blocking dummy was placed on top of a pad containing a weight sensitive 
switch. This switch was connected to a mercury switch which controlled 
the two signal lights. When the dummy sat on the pad both lights would 
be off. A light came on only when the dummy was knocked off the pad. 
Which light came on was determined by the mercury switch. This mercury 
switch was manipulated by a research assistant such that neither the 
subjects nor the research assistant knew which light would be activated. 
Subjects began from a three-point stance and on their own command 
weaved between the cones as fast as possible to the large blocking dummy 
fifteen meters from the start line. On reaching the dummy the subject 
knocked it over with a two-handed shiver technique and then side-stepped 
to the left or right depending upon which light was activated. The subject 
then had to step over three blocking dummies situated one meter apart 
while moving laterally with his head and shoulders facing in the direction 
opposite to the finish line. After stepping over the third dummy the 
subject proceeded to the finish line by running backwards. Each subject 
had eight trials on the same day. Ample recovery time was taken between 
trials. The fastest time of all the trials was used for statistical 


analysis. 


6. Percent Body Fat 


The underwater weighing technique was used to estimate the 
percent body fat. For the calculations of per cent body fat with this 
method measurements of weight in dry air, water temperature and vital 
capacity while standing in the water at neck level were taken. After 


having entered the water tank the subject submerged himself and ran 
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his fingers through his hair to remove all air trapped in his hair. 

The subject then sat in the chair, inflated his lungs maximally and 

leaned forward slowly (while pinching his nose) until completely submerged. 
He was cautioned to remain as stationary as possible without touching 

the cables supporting the chair. While underwater a measurement of body 
density was taken with a recorder attached to a strain gauge. Three 

such measurements were taken with the lowest value recorded used for 
statistical analysis. Additional measurements were taken if the three 
recordings were not within five chart units of one another. A lead belt 
of known weight was used to aid the subject in totally submerging his 

body. Residual volume was estimated from the vital capacity. See Appendix 


F for a sample calculation. 


7. Maximal Knee Extension - Flexion Torque and Endurance on Cybex II 


The Cybex II is capable of measuring muscular torque in foot - 
pounds at pre-selected controlled velocities from isometric contractions 
(0° per second) to fast functional speeds (300° per second). Once a speed 
is selected, the lever arm cannot be accelerated beyond that speed regard- 
less of the input torque. Thus, as more force is exerted against the 
lever arm of the apparatus the resistance supplied via the input attach- 
ment automatically varies to accommodate this force. The torque output 
of the muscle is measured by a dynamometer and displayed on a front gauge 
dial and a fast response recorder with heated stylus. The fast response 
recorder gives a graphic readout of the force curve over the entire range 
of motion. The gauge helps the subject achieve maximal effort by supplying 


a visual feedback of his performance. 
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Each subject contracted maximally in both directions, at 30° per 
second and 180° per second, until fifty percent of the maximal torque 
value was reached. The protocol manual for Cybex II testing, published 
by Lumex Incorporated, states that recording at 30° per second measures 
basic muscular strength whereas 180° per second measures functional 
muscular strength or power. Two sub-maximal practice trials were 
administered prior to the test trials at each speed to allow the subject 
to experience the accommodating resistance provided by the machine. The 
subject was seated in the chair as illustrated in the photograph (see 
Appendix G); strapped, just above the ankle to the lever arm of the 
machine; strapped around the chest and across the upper thighs to the 
chair; and asked to perform the required extension (starting with knee 
at 90° angle and ending with knee at 180° angle) and flexion (starting 
with knee at 180° angle and ending when knee reached 90° angle) movements. 
All subjects were tested at 180° per second first. A minimum of fifteen 
minutes recovery was taken before being tested at 30° per second. All 
subjects used stretching exercises to warm-up the quadriceps and hamstring 
muscle groups prior to testing. Verbal motivation was supplied by the 
test administrator. Peak torque and rate of fatigue were extrapolated from 


the chart recording. See Appendix G for an example of a chart recording. 


8. Percent Fiber Population and Enzyme Activity of Vastus Lateralis Muscle 


Muscle biopsies were taken from the vastus lateralis by the method 
of Bergstrom ( 62). The site of the biopsy was the lateral side of the 
thigh, on the approximate mid-point of a line between the spina ilica 


anterior superior and the upper border of the patella. This site was 
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chosen because in the middle portion of the vastus lateralis the risk 
for complications of the biopsy procedure is minimal due to a scarcity 
of nerves and vessels. Also, the vastus lateralis is one of the most 
common sites of biopsy due to its importance in locomotion for athletic 
activities. Extreme care was taken to keep the operating area sterile. 

Two muscle coreS were taken from the same incision on the right leg. 
One core was removed from the needle and frozen within five seconds in 
isopentane cooled in liquid nitrogen for biochemical determinations. The 
other core was dissected free of fat and connective tissue, oriented 
under a dissecting microscope, mounted in OCT mounting medium on a cork 
and frozen in isopentane cooled in liquid nitrogen for histochemical 
determinations. Both samples were stored at S608 centigrade until analyzed. 

Fiber typing was based upon the staining intensity of ATPase at pH 
9.4 with pre-incubations at pH 10.4 and 4.65 (Guth and Samaha, 70). 

Muscle fibers were classified as fast contracting (FT) or slow-contracting 
(ST) by this method. Serial sections, 10 um thick, were cut in a cryostat 
at -20° centigrade, picked up onto a slide and allowed to dry at room 
temperature for twenty-four hours before being stained. (See Appendix H 
for the exact procedure). Fibers were counted from photomicrographs. A 
minimum of two hundred fully intact fibers were used to calculate the 
fiber type percent for each sample. 

Fluorometric techniques (Lowry and Passonneau 72) were used to measure 
the activities of the four enzymes under consideration. Fluorometry is a 
method of measuring the fluorescence or instantaneous emission of light 
from a molecule or atom which has absorbed light. The rate of change of 


fluorescence with time, AF/minute, is directly proportional to the con- 
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centration of the enzyme being measured provided the concentrations of 
Substrates and auxillary enzymes are in excess thus allowing the enzyme 
under study to be the rate limiting step in the reaction. All reactions 
were either NADH or NADPH coupled to provide a molecule with measurable 
fluorescence. Fluorometry is precise enough to accurately measure enzyme 
activities of muscle samples as small as one milligram wet weight. 

The frozen muscle samples were thawed in ice-cold 0.1 ™M Tris buffer 
(pH 7.5) and blotted to remove any blood. Noticeable chunks of connective 
tissue were also removed. Each sample was then weighed to the nearest 
one-tenth of a milligram on a Mettler H20T analytical balance. Samples 
were homogenized in a Potter-Elvehjem glass homogenizer five times for 
three seconds each in 0.5 ml of ice-cold 0.1MTris buffer at pH 7.5. 
Thirty seconds was allowed between each grinding to prevent denaturation 
of the enzymes as a result of heat build-up. The homogenizers were also 
placed in ice-cold water baths to keep the temperature down. The samples 
were poured off and the homogenizers washed with an additional 2.5 ml 
of the same buffer to give a final dilution of three ml per sample. Any 
noticeable pieces of connective tissue remaining in the homogenizers were 
removed and weighed on the Mettler. This weight was subtracted from the 
original sample weight to give a more accurate wet weight of muscle tissue. 
A Biuret protein determination (See Appendix I for procedure) was per- 
formed on each sample using 0.5 ml of the homogenate. Succinate 
dehydrogenase (Essen et al.75), lactate dehydrogenase going from both 
pyruvate to lactate and lactate to pyruvate, creatine phosphokinase 
(CPK) and myofibrillar ATPase activities were then determined using 


portions of the whole muscle homogenate. (For exact procedures see 


\ 


Wittens ftA me wits mi sa 


vane’ )4 ese hoe & he ORG. a 


a debi el adeeb B09 yiiatie J «Areca ft} 7 a 
y Ohap tt lr on Teer a ne ste we 

Bb de estate ‘> ltuad eae papi ‘tthe oo Worvecd : 
BAaisir helt woo Eadetse mae ier \ Les ra ree payors OPE a, “ felts 
‘nicbed Peo bautans (GMa iM. pana yh ea 
Pre ee ery a oe) a dele et ie all , 
} 9?! 10 Ghia vid A As pe 


ee recited) See a Agee 74 saga ae ea 


"90" 


at 2h Sau. hs tage 1390 SIR Ty hie iy oe ibs ater sede 
o1ay ane tain 145g 302°) ¥iLtinaggh. bat id seit mehaaites atasoih a 


tA sits i? \9aed sowed FY bees | he “ aitelee stitial heirs 


: y Te Y aT ‘ 4 cm @ . ry; 
bee) tite S 4 Ree SESS STN. espe ei Bits cn inane . 


vaearkserligeaaey ath tear pay S ey i a os fi rina ‘as 
§atow banc eedbb a? IW. apad 4 iva 08). lente ‘it nei) 


(dee -aatnh Sq ty irate 0/8) coven obeauon ato wel ‘To wpe 


a 


” er , : , v 


20 


Appendix J). All activities are expressed in umoles per gram wet 
weight per minute (mmoles x ae x mee Primary and secondary filters 
with excitation wavelengths of 365 and 465 nanometers respectively were 
used in a Turner model 111 fluorometer. For the CPK and ATPase measure- 
ments a piece of duct tape with a spherical hole in it was placed over 

the light source to reduce the size of the opening from which the light 
was emitted This allowed higher concentrations of NADH to be used. 
Blank samples containing everything but the fluorescent substances were 
recorded for each enzyme assay. Standards for NADH were computed on a 
Unicam SP1800 Spectrophotometer and matched against the AF on the fluoro- 
meter to give the value in mmoles per milliliter for a change of one unit 
in fluorescence. Change in fluorescence was graphically recorded on a 
Unicam AR55 linear recorder on a scale from zero to one-hundred. AI1l 
enzyme assays were recorded at 804 centigrade using the Turner temperature 
regulating door and a Thelco water bath. Matched 3 ml culture tubes were 


used as sample containers. 
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RESULTS 


The results are presented in three major sections: Correlations 
between Histochemical, Biochemical and Performance Data; Physiological 
Changes after a Competitive Season; and Physiological Profiles of 
Football Players. Group data are summarized in tabular form with means, 
standard errors of the mean, group sizes and significant effects reported. 
Complete data for all subjects are presented in Tables 16 and 17 of 
Appendix K. Analysis of variance tables with post hoc analysis are 
located in Appendices M and N. The Pearson Product Moment correlation 


matrix is located in Appendix L. 


CORRELATIONS BETWEEN HISTOCHEMICAL, BIOCHEMICAL AND PERFORMANCE DATA 


Summaries of all significant correlations for each variable are 
found in Table 19 of Appendix L. VO> max had negative correlations of 0.51 
with % body fat and 0.56 with the stair run fatigue slope for all trials. 
Positive correlations of 0.43 with the number of stair run trials performed, 
6.57 with LDH activity going from pyruvate to lactate and 0.54 with LDH 
activity going from lactate to pyruvate were observed for VO, max. Low 
correlations were noted between VO, max and % FT muscle fibers and SDH 
activity (0.10 and 0.27 respectively). Percentage of body fat had 
positive correlations with those variables where total body weight served 
as a resistive force; 0.63 with 40 yd. sprint time, 0.50 with two stairs 


per stride stair run time, 0.61 with freestyle stair run time and 0.61 
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with stair run time while carrying 10% of body weight. It appears then 
that players with the highest % body fat had the slowest time and players 
with the lowest % body fat had the fastest time. 

Sprint speed over 10 yards had r values of 0,82 with 40 yd. sprint 
speed, 9.46 with agility run time, -0.44 withmyofibrillar ATPase activity, 
and 0.25 with % FT muscle fibers. Sprint speed over 40 yds had r values 
of 0.71 with two stairs/stride stair run , 0.62 with freestyle stair run 
time and 0.73 with stair run time while carrying 10% of body weight. 

Thus, subjects with the fastest times over 40 yds. also would be expected 
to have the fastest times for the power stair run variables. Agility run 
time and %Z FT fiber population had low correlations with 40 yd. sprint 
speed (r = 0.36 and 0.29 respectively). 

The enzymes CPK and ATPase, which are involved in the generation of 
energy while running 40 yds at maximal speed, had r values of -0.42 
and -0.43 respectively, with sprint speed time over 40 yards. 

The three power scores obtained by running up a flight of stairs at 
maximal speed appear to be similar. This is indicated by correlations 
of 0.70 between two-stairs and freestyle, 0.70 between two-stairs and 
two-stairs weighted and 0.58 between freestyle and two-stairs weighted. 
Although the correlations between the three power stair run times and % FT, 
CPK activity and myofibrillar ATPase activity were in the expected direction- 
negative- the r values were low (ranging from -0.25 to -0.43). 

The r value of -0.77 between the number of trials completed on the 
stairs while carrying 10% body weight and fatigue siege for all stair 
run trials indicates that those subjects who completed the least number 


of trials displayed the quickest fatigue rate. When only the first 
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thirteen trials were used to compute the regression line for the fatigue 
slope a correlation of -0.63 still resulted. The four enzymes measured 
had higher correlations when compared to the rate of fatigue (0.34 to 
0.38) than when compared to the number of trials completed (0.01 to 0.21) 
for stair run endurance. 

Measures of maximal leg power and strength on the Cybex II at both 
slow € §30°/s ) and fast. ( 180°/s ) speeds and by both quadriceps and 
hamstrings muscle groups were highly correlated (range of r values from 
Os60 for 30: /s quadriceps max. torque with 180°/s hamstrings max. 
bordue 1010782 for  30°/s “hamstrings max. "torque (with 180°/s  ham- 
strings max. torque). The same relationship does not exist however when 
comparing the number of trials performed and the rate of fatigue to 502% 
of maximal torque. Only high correlations were found between number of 
trials performed by hamstrings and quadriceps at the same angular velocity 
itere0 O4at, (30..55) and OL COMatsemS0g/is.)).) For fatigue rate, the only 
high correlation occurred at 180°/s (r =0.69 between hamstrings and 
quadriceps). 

Agility run time was the only non-Cybex variable to show correlations 
of greater than 0.50 with any of the Cybex variables at 20es (r= 0S0 
with quadriceps trials and r =-0.59 with quadriceps fatigue slope). At 
180°/s_ the highest correlation between a non-Cybex and Cybex variable 
was -0.43 for vO., max and quadriceps fatigue slope. 

The percentage of fast contracting fibers had poor correlations 
with the other twenty-eight variables. The time taken to ascend the 
stairs at two stairs per stride had the highest r value with % FT (-0.41). 

In general, enzyme activities did not correlate highly with them- 


selves or with other variables. However, the highest r value obtained 
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for any two variables was between LDH activity going from pyruvate to 
lactate and LDH activity going from lactate to pyruvate (r = 0.91). 


Other enzyme correlations over 0.50 were: 


(1) 0.5/7. f0r,,LDH Py>La and vO., max. 


C2 0.54 for LDH La>Py and Vo. max. 
«3) =O)05 «<LOnt LDH Py>La:and e,% (FT. 
(4) -0.52 for LDH La>Py and % FT. 


C5) G250 fon -LDH> Py>La and "CPR: 

(6) ~0.54 for SDH and freestyle stair run time. 
(7) -0.51 for SDH and weighted stair run time. 
(8) 0.64 for SDH and myofibrillar ATPase. 


(9) 0.59 for CPK and myofibrillar ATPase. 


PHYSIOLOGICAL CHANGES AFTER A COMPETITIVE SEASON 


Tables 1, 2 and 3 summarize the pre-test and post-test differences 
of nineteen variables for all subjects (grand mean) as well as for five 
groups of players. These five groups are: 1. receivers (R) = wide 
receivers (WR) + inside receivers (IR); 2. offensive backs (OB = quarter- 
backs (QB) + running backs (RB); 3. defensive backs (DB); 4. defensive 
running game (DRG) = linebackers (LB) + defensive lineman (DL); 5. Off- 
ensive lineman (OL). All differences, significant at the 0.05 level 
(p<0.05 ) will be reported for group and grand means. As well, 
noticeable changes will be reported as a positive or negative percentage 


change of the post-test score compared to the pre-test score. 
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For the total population, maximal oxygen consumption significantly 
decreased from 57.9 to 55.3 ml x Wel x min (4.52). By group the 
vO, max changes were:R= -0.4%, OL = -2.1%, DRG = -3.7%, OB = -6.2% and 
DB = -9.4%. The decrease for DB was significant. 

Freestyle stair run times for the total population were significantly 
faster post-season than pre-season (a 2.7% decrease from 2.23 to 2.17 Say ee 
By group the freestyle stair run time changes were: DB = no change, 

DRG = -0.4%, OL = -3.5%, OB = -5.2% and receivers = -6.1%. 

No significant changes occurred over the season for the endurance 
variables of the stair run for all subjects as one group. However, rather 
noticeable differences did occur within some of the groups. For stair run 
trials to exhaustion these changes were: R = +15.4%Z, DRG = +50%, DB = 
=24,9/,and.0L = -41.3%. For fatigue slope of all stair run Jtrials the 
changes were: R = -32.8%, DRG = -15.4%, OB = -33.3%, DB = +57.1% and 
OL = +32.5%. For fatigue slope of the first thirteen stair run trials 
the changes were: R = no change, DRG = -35.9%, OB = -8.7Z, DB = +10.5% 
and OL = +63.9%, 

Maximal hamstrings torque at 30°/s or strength, significantly 
increased post-season for the total group (6.7%) whereas quadriceps 
strength did not. For comparative purposes hamstrings (H) and quadriceps (Q) 


changes (reported respectively) by group were: R= +1.6% and +6.47%, 


DB = 415.4% and —0.47,.0B = +0.82 and) =-4.37,. DRG =)+0.27 and =) .9%, 
OL{=>+11. 67 and =1.47. 

No significant changes occurred over the season in the number of 
contractions or trials completed at 30°/s before reaching 50% of 


maximal torque. For comparative purposes, percentage changes by group for 


bey ; 


ul Pew Sita: ae BOBS Br) ter 0) Ssh igi! 


ROF \auiiibions othitsd «eign nods gane edges a0) 


es 


yt i wid 4 7 u Yognie oer fy we i iaenaatcsul 


vel quoia? ad, Peery oy saat 
ry t 


e°4 CT re H) e , 
ont queda Pe. ba. a | “aa ; i 


TTS 


ireta sya9 nel “we Lee vast aoe sa ee 
ve we 
(0 a2 ED. 0" oie?) seetoas ns aS oe eat 
| > Cie fish fre, ta : 1 
egteit: * O80" vee s agai. sits eK: 
’ yan SEX. ; aay Og a 
ee re ah 
Dia ons Vid HOt ae =pber 
; 
a3 awou yrs ‘ 
aa SO perry yt He 
i! Sia rio cue, ©pe a tis 
he | oak ee 
bya yoke pate Se Bard, 
. 1G BY .6 8: RO gate aa esi ai 9 hs 
1 i? re eer | i ria 
i : s . aoe my 
ae ST eg ke ie ae eos a y Ae ‘ig 
se if ) eds. ih 
(ane bonus: eiay pre ae ou; eh 44, Lahuie a4 | 
a Lehr) bits «ms ngclerhiaien awowahig! eoteigatils tei s Ret. 
7 ‘ nl a oe es a 


find Bay = oan a ee eae #8, G+) = RO: ape 
Nua ‘aaa Hi ibs oa 


Poe 
} 


a 


4. aiid nanan ae 


29 


the number of trials completed to 50% of maximal torque at 30°/s 


were (H and Q respectively): R = -1.5% and +25.4%, DB = -31.4% and 


70.92, OB = 43.32 and =9.62, DRG = +13.3% and -3.5Z, OL. = +5.0% and -7.62%. 

No significant changes occurred over the season in the rate of 
fatigue while performing maximal contractions at 30°/s to 502 of 
maximal torque. For comparative purposes percentage changes by group for 
the fatigue slope at 30°/s were (H and Q respectively): R = -11.4% 
and -9.1Z, DB = +31.4% and -8.8%, OB = -11.9% and +11.8%, DRG = +3.52 
and =4.2%, OL = -3.9% and -9.0Z. 

For the total group, maximal hamstrings and quadriceps torque at 
180°/s or power, significantly increased post-season, (17.1% and 8.52 
respectively). By group, the percentage power changes were (H and Q 
respectively may R = +16.87..and +5267, DBe= 422.32, and -hl5.52., 0B =. 43.74 
andet+2,.67, DRG = +13..82. and.+7.32, OL = +23292% and +10.5/..» The hamstring 
power increases for OL, DB and R were all significant. 

For the total group, the slope of the regression line of all trials 
completed to 50% of maximal torque at 180°/s (fatigue rate) was 
significantly steeper post-season for both the hamstrings (+21.82) and 
quadriceps (+13.1%) muscle contractions. This indicates that the 
increases in power were accompanied by increases in fatigue rate. The 
changes in fatigue rate at 180°/s by group were (H and Q respectively): 
R = +23.6% and +12.3%, DB = +21.2% and +21.02, ,QB = +8.0% and 12 3h, 
DRG = +44.5% and +11.2%, OL = +162 and +8.42. 

No significant grand or group mean changes occurred over the season 


for the number of hamstrings or quadriceps contractions or trials 
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completed to 50% of maximal power. Changes in power trials completed 
by group were (H and.Q, respectively): R = -13.9% and -10.2Z2, DB = +4.7% 
and +5.92, 0B = -9.7Z2 and -8.72%, DRG = -14.7% and -4.3Z, OL = -3.1% and 


=O 50% 


PHYSIOLOGICAL PROFILES OF FOOTBALL PLAYERS 


In Tables 4 through 9 the means, standard errors of the mean, F- 
values and significant F-values as determined by a Newman-Keuls post-hoc 
test are reported for the twenty-nine physiological variables. In Tables 
22 and 23 in Appendix N the results of the Newman-Keuls post-hoc test 
on the significant F-values are reported. In Tables 4 and 5 players have 
been divided into eight groups: (1) Wide Receivers, WR; (2) Inside 
Receivers, IR; (3) Quarterbacks, QB; (4) Running Backs, RB; (5) Defensive 
Backs, DB; (6) Linebackers, LB: (7) Defensive Lineman, Dis 4 00S)" Offensive 
Lineman, OL. In Tables 6 and 7, players have been divided into four 
groups: (1) Receivers, R= WR+ IR; (2) DB; (3) Offensive Running 
Game, ORG = OL + RB + QB; (4) Defensive Running Game, DRG = DL + LB. 

In Tables 8 and 9 the players have been divided into two groups: 
(1) Offense; (2) Defense. The results will also be discussed in terms 


of the similarities of group means as well as the order of the group means. 


Defensive lineman (286ft/1lbs ) were significantly stronger for 
quadriceps maximal torque at 30°/s than QB (184 ft/lbs ) and RB(182 ft/ 
lbs ), who were ranked lowest for quadriceps strength. For quadriceps 


Streneth/OL (252.7 2t/ibs )i were. swmilar. to#DL;) *WR4(203, 8). ik (215.79 
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and DB (200.4) had similar strength values; and LB (228.5) were ranked 
higher than backs and receivers but lower than lineman. However, for 
hamstring strength the same similarities did not exist. All groups, 
with the exception of DL (155.5) were within 15 ft/lbs of each other 
(DB lowest at 107.8 and LB highest at 122.8). Of particular interest 
is the low hamstring strength in comparison to quadriceps strength of 
the offensive lineman (118.9 to 252.7 respectively). 
No significant differences were observed between the eight groups 
relating to the number of contractions completed before decreasing to 
50% of maximal strength. Generally, high strength groups completed fewer 
contractions (example: DL had mean of 15 for quadriceps and 14.3 for 
hamstrings) than low strength groups. An exception to this are the RB who 
ranked lowest for quadriceps strength yet could only complete 15.8 trials. 
Defensive lineman reached 50% of their maximal quadriceps strength (slope 
au0.. 97 Mtratis ax {ime significantly faster than WR (0.40) and QB (0.40). Inside 
receivers)(0.57),. RB (0.60), DB (0.56) and LB (0.54) had similar rates 
of quadriceps fatigue while OL (0.77) more resembled the DL. For ham- 
strings contractions the quicker rate of fatigue of DL (0.58) was signif- 
icantly different from the rate of QB (0.22). Wide receivers (0.25), 
RBw(O23105 DB COe27)4rand LB) (0. 25.) shadvsimilaryrates,of,hamstrings 
fatigue as did IR( 0.39) and OL (0.39). 
Defensive lineman were significantly more powerful for quadriceps 
contractions (126.3 ft/lbs ) as measured on the Cybex II at 180°/s 
than RB (88.3) and DB (87.6). For hamstrings contractions DL (95.3 ft/ 
lbs ) were significantly more powerful than DB (64.9). Quarterbacks 


(91.5) were similar to RB and DB in quadriceps power. Wide receivers 
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(99.8) and linebackers (102.7) had rn riee quadriceps power values as 
did IR (108) and OL (112.6). Running backs (66.8) had hamstrings power 
values similar to those of DB (64.9). Wide receivers G7s Mio bed Oia C7 nay 
and OL (72.4) had similar hamstrings power values as did LB (80.5) and 
IR (78.7). The low hamstrings power in comparison to quadriceps power 
(72.4 to 112.6) of OL corresponds to the previously mentioned low ham- 
strings strength to quadriceps strength of this same group. 

For leg strength, as measured by quadriceps and hamstrings maximal 
torque at 30°/s on Cybex II, the mean ratio of quadriceps strength 
to hamstrings strength was 1.80 indicating that on the average the quad- 
riceps group was 80% stronger than the hamstrings group. However, for 
leg power (180°/s on Cybex II) the mean ratio was only 1.35 indicating 
that the quadriceps group was only 35% more powerful than the hamstrings 
group. The only group to noticeably deviate from these two mean ratios 
for strength and power were the OL who were 113% stronger and 56% more 
powerful for quadriceps than hamstrings. 

No significant differences existed between the eight groups in 
relation to the number of contractions completed before reaching 504 of 
maximal power or the fatigue rate to 50% maximal power for either the 
quadriceps or hamstrings. This is interesting because for strength 
measurements the strongest groups generally fatigued the quickest and 
completed the least number of contractions. The range for the number 
of quadriceps contractions completed at 180°/s was from a high of 
24.5 for QB to a low of 19.8 for RB while for hamstrings contractions DL 


completed 27 trials with RB again ranking the lowest at 20.3 trials. 
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In terms of rate of fatigue for quadriceps three groupings result: 

DL ©.59), LB ©:53) “and OL-©.51); WR ©.46) and IR (0.48); and QB 
(0.36), RB ©.37) and DB (.39). The similarities for rate of fatigue 
of hamstrings were different from those of the quadriceps groups in 
that with the exception of IR (0.37) and DB (€.28) the differentiation 
between groups was small (range of 0.29 for QB to 0.33 for DL). 

Defensive backs had significantly higher maximal oxygen consumption, 
when expressed in proportion to body weight, (60.9 ml x ete x min ) 
than OL (53.2) and DL (53.3). Linebackers (54.7) most resembled the 
lineman while wide receivers (57.8), IR (56.6), QB (59.8) and RB (59.9) 
most resembled the defensive backs. 

Wide receivers (5.8%) were significantly leaner than linebackers 
(13.3% ) and OL (13.5%). Defensive lineman had percentages of body fat 
03702) similar to OL and LB. Al? of the backs — DB (8.97%), RB (9.92) 
and QB (9.6%) - and IR (9.64) had nearly identical percentages of body 
fats. 

No significant differences were observed between the eight groups 
for the stair run variables or the agility run. Defensive lineman 
were ranked highest for agility run time while inside and wide receivers 
were ranked lowest (fastest times); all other groups had similar agility 
run times. Offensive lineman were ranked slowest for two stairs per 
stride stair run times while WR and IR were ranked fastest; all other 
groups had similar times. When 10% of body weight was added before 
ascending the stairs the order by group from fastest to slowest was 


different than it was without the weight. Although WR still ranked the 
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fastest (2.62) they were closely followed by QB (2.63), RB (2.65) and 
DB (2.66). Offensive lineman were ranked second slowest (2.81) and had 
similar times to DL (2.83) and LB (2.77). The freestyle method of 
ascending the stairs provided still a different order of fastest to 
Slowest. Receivers again ranked the fastest - IR (1.96) and WR (1.98) 
but were not closely followed by any of the other groups. Quarterbacks 
(7,09) aad DB (2410)h had. similar. times as did RB/(2.22) and LB (2.23). 
Defensive lineman and OL with times of 2.16 and 2.28 respectively, did 
not closely resemble any of the other groups. No consistent patterns are 
evident for the number of stair run trials or the fatigue slope of these 
trials for the eight groups. For the total stair run trials completed 
before exhaustion, IR (22.3), LB (21.0) and DL (22.3) were similar as 
were WR (28.7), RB (27.3) and OL (27.9). For the fatigue slope (trails/time) 
Or all trials, awe. (@.02), OBP (0.02); DB (0.03) and RB (0.03) were similar as 
were DL (0.05) and OL (0.05). For fatigue slope of the first thirteen 
trials, WR (0.03) and DB (0.03) were similar as were RB (0.04), OL (0.04) 
and IR (0.04) as were LB (0.05) and DL (0.05); QB ranked lowest with 
OF.02- 

No significant differences existed between the eight groups for 
% FT fiber population or for any of the enzyme activities. Defensive 
lineman ranked lowest for % FT (42.2) while QB (51.9) and DB (50.7) 
ranked highest. Linebackers (101.1) and OL (112.9) ranked lower for LDH 
activity going from pyruvate to lactate than the other six groups. For 
LDH-Py>La, DL (149.4), DB (153.6) and QB (152.3) had similar activities 


while receivers ranked highest (162.6). When LDH was assayed going from 
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lactate to pyruvate the same similarities were evident as those seen 

in going from Py>La: LB (65.4) and OL (65.0) ranked lowest, receivers 
(92.3) ranked highest and DL (82.5), DB (86.5) and QB (84.5) were 

Similar. Defensive backs (3.7) ranked highest for SDH activity while 

RB G19) and. OL. (2.1,) ranked lowest. Receivers (2-8 ) wands OBmC2e7e) 

had similar SDH activity. Running backs (1226.6) ranked highest for CPK 
activity while OL (799.0) ranked lowest. Quarterbacks (853.1), DB (861.2), 
and DL (832.9) had similar CPK activity. Quarterbacks (16.1) and 
receivers (15.2) ranked highest for myofibrillar ATPase activity while OL 
(10.9) and DL (10.2) ranked lowest. Defensive backs (14.0) and linebackers 
(14.3) had similar myofibrillar ATPase activity. 

The player groupings shown in Tables 6,7,8 and 9 were made in an 
attempt to see whether units who compete against one another are similar 
in physiological profiles. Thus comparisons will be made between: (1) 
receivers (R) and defensive backs (DB). (2) offensive running game (ORG) = 
QB + RB + OL and defensive running game (DRG) = LB + DL. (3) offense and 
defense, Differences between the means of the groups within each 
comparison will be presented as plus or minus changes for one group 
compared to the other. As well statistically significant differences 
between the means of receivers, defensive backs, offensive running 
game players and defensive running game players will be reported. 

Receivers tended to be stronger and more powerful than defensive 
backs. The percentage strength and power differences between these two 
groups are: (1) quadricep strength, R were +3.8%; (2) hamstring 


strength R were +8.2%; (3) quadriceps power R were +17.9%; (4) hamstrings 
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power R were +15.72Z. 

Receivers and defensive backs demonstrated almost an equal ability 
to sustain a muscular contraction to 50% of maximal torque. The largest 
difference between these two groups occurred for hamstrings contractions 
at 30°/s where defensive backs were +16.6%. 

For receivers and defensive backs the fatigue slope, determined 
from the regression line of the torque values for each contraction up to 
50% of maximal torque, did not follow a set pattern as did the strength 
and power values. For quadriceps contractions at 30°/s DB were +18.9Z 
(indicating a quicker fatigue rate) while for quadriceps at 180°/s 
R were +21.3%. For hamstrings contractions at 30°/s and at 180°/s 
receivers were +15.4% and +19.1% respectively. 

DRG players tended to be stronger and more powerful than ORG players. 
The percentage strength and power differences between these two groups 
are: (1) quadriceps strength DRG were +11.9%; (2) hamstrings strength 
DRG were +15.3%; (3) quadriceps power DRG were +8.2%; (4) hamstrings 
power DRG were +21.92Z. 

DRG players and ORG players were quite similar in their ability to 
sustain a muscular contraction to 50% of maximal torque. For hamstrings 
contractions at 30°/s and quadriceps contractions at 180°/s the 
percentage differences were only 0.5% while DRG were +11.24 for quadriceps 
at 30°/s and +15.1% for hamstrings at 180°/s. 

DRG players, as a group, displayed a greater fatigue rate,while 
performing maximal contractions for both muscle groups at both speeds, to 


50% of maximal torque than did ORG players. The percentage differences 
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are as follows: (1) quadriceps 30°/s = +1,925 4 (2) hamstrings 30°/s 
=s12.623 (3), quadriceps 180°/s = 421.62; (4) hamstrings 180°/s 
= +5 e 2h e 


The only significant differences between means of Cybex variables 
of the four groups were for quadriceps and hamstrings maximal power. 
In both instances, DRG were more powerful than defensive backs. 

Defensive backs had +6.5% aerobic capacity in proportion to body 
weight when compared with receivers even though they tended to have 
greater percentages of body fat. Receivers and DB did not differ in 
Straight sprinting speed but receivers were -8.3% (indicating faster 
times) for the agility run. Receivers in comparison to defensive backs 
ascended the stairs -1.7% for two stairs per stride, -5.5% freestyle 
and -0.4% for two stairs weighted (indicating faster times) yet DB 
were +20.5Z2 for stair run trials completed as well as -26.9% for fatigue 
Skope for.all trials and —17.9Z for fatigue slope for the first 
thirteen trials (indicating a slower rate of fatigue). 

ORG players had +3.3% aerobic capacity in proportion to body 
weight when compared with DRG players. DRG players tended to have greater 
percentages of body fat than did ORG players. DRG and ORG did not differ 
in straight sprinting speed or agility run time (ORG only 2.1% more 
agile). Stair run times for all three methods were very similar between 
ORG and DRG (largest difference was DRG being -4.1% for freestyle method). 
However, ORG were +31.8% for stair run trials completed before becoming 
fatigued as well as -36.6% for fatigue slope of all trials and -38.52 


for fatigue slope of first thirteen trials. 
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Defensive backs had Significantly higher maximal oxygen consumptions, 
when expressed per kilogram body weight than did DRG. Receivers were 
Significantly leaner than both ORG and DRC. Receivers also had signif- 
icantly faster freestyle stair run trials than both ORG and DRG. 

Defensive backs had a higher percentage of FT muscle fibers yet 
also had +32.9% SDH activity when compared to receivers. LDH (in both 
directions), CPK and ATPase activities were +5.9% (Py>La), +6.7% (La>Py), 
+5.1% and +8.6% for receivers in comparison to defensive backs. 

DRG had less percentage of FT muscle fibers as well as +12.8% SDH 
activity when compared to ORG. LDH, Py>La was +34% for ORG in comparison 
to DRG yet LDH, La>Py was +1.7% for DRG in comparison to ORG. CPK was 
+4% in ORG in comparison to DRG yet ATPase was +4.9% for DRG in comparison 
to ORG. 

Defensive backs had significantly higher SDH activity than did ORG 
players. 

The offensive players used in this study have almost the identical 
physiological profile, as measured by twenty-nine variables, as the 
defensive players used in this study. No significant differences were 
found between the means of the offensive group and the defensive group. 
The greatest percentage difference between the means of these two groups 
(mean 1 - mean 2 divided by grand mean) are: (1) SDH activity (+28.8% 
in favour of defensive players); (2) number of hamstring contractions 
to 50% maximal torque at 30°/s (+10.4% in favour of defensive players) 
(3) number of hamstring contractions to 50% of maximal torque at 180°/s 


(+6.4% in favour of defensive players). 
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DISCUSSION 


The discussion is presented under the same major headings as 
were previously used: Correlations Between Histochemical, Biochemical 
and Performance Data; Physiological Changes After a Competitive Season; 


and Physiological Profiles of Football Players. 


CORRELATIONS BETWEEN HISTOCHEMICAL, BIOCHEMICAL AND PERFORMANCE DATA 
Correlations were computed for two purposes: 


(1) to evaluate whether expected relationships between 
variables associated with the same physical fitness 
parameter exist for a group of Canadian inter- 
collegiate football players; 

(2) to determine whether any unexpected relationships 
between physical fitness variables exist for a group 


of Canadian intercollegiate football players. 


Cost i] Iweria.ni( 76), found* avecorrelation of°0./79 between vO., max and 
SDH activity. The correlation between the same two variables in this 
study was only 0.27. The difference in these two correlations is likely 
due to the homogeneity of the subjects used in this study (as demonstrated 
by a small variance in vo, max and SDH values) as compared to the hetero- 


geneity of the subjects used in the Costill et al.study (as demonstrated 
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by a large variance in vO, max and SDH values. Highly endurance trained 
athletes have been shown to possess high oxidative capacities and high 
percentages of slow contracting muscle fibers in vastus lateralis (Gollnick 
eta, 7/2 Golinick ¢etualid3 Costill ) et! als 73)eee Thevcorrelations of 

-0.10 for % ST with vo, max and -0.16 for % ST with SDH could indicate that 
for football players there is a poor relationship between % ST muscle 

fibers and oxidative capacity. Although % ST had a large variance 

(range of 25 to 70%) the homogeneity of the group for vO, max and SDH cannot 
be discarded as the possible cause of lack of correlation between these 
variables. 


The r of -0.51 between % body fat and VO, max is expected as research 


24 
has shown that individuals with high percentages of body fat possess 

low oxidative capacities (Boileau et al.71, Girandola and Katch, 73). 

The correlations for vO. max and LDH activity (0.57 PysLa and 0.54 La»Py) 
were unexpected in light of the research by Karlsson et al. 75, Costill 
et al. 76, Sjodin et al. 76, and Thorstensson et al. 76a, who reported 

that subjects with high percentages of ST fibers and high oxidative 
capacities have low LDH activity. The observation that football players 
are involved in work of an interval nature that utilizes both anaerobic 
and aerobic means of regenerating ATP might explain the relationship 
between vO, max and LDH since high intensity anaerobic training has been 


shown to maintain LDH activity (Sjodin et al, 76, Houston and Thomson, 77) 


while aerobic or endurance training decreases LDH activity (Karlsson 


etvala/ofaSjodine et val. 75). 
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The correlations between % body fat and 40 yd sprint speed (0.63), 
freestyle stair run (0.61), two stairs per stride stair run (0.50), two 
Stairs per stride stair run while carrying 10% of body weight (0.61) and 
Stair run fatigue slope for all trials (0.55) were expected since 
performance of speed and power activities which require moving the body 
weight a horizontal or vertical distance as fast as possible have been 
shown to deteriorate as the percentage contribution of fat to total body 
weight increases. 

Power is the ability to generate a force over a distance in a 
certain time’ (P= F x Dx ae Metabolically, power is the ability to 
generate and utilize energy quickly. The enzymes ATPase and CPK catalyze 
the reactions that release energy at a very high rate (Davis et al.59, 
Barnay 67, Fox and Mathews, 74). Fast contracting muscle fibers are the 
fiber type best suited for generating large force outputs over a short 
period of time (Gordon et al.67, Goldspink 70, Close 72, Burke and 
Edgerton 75). Activities involving high force generation in five seconds 
or less (anaerobic power) should demonstrate a positive relationship with 
physiological variables that contribute to increased amount and rate of 
force generation (power). Therefore, myofibrillar ATPase activity, CPK 
activity and % FT muscle fiber population should be positively correlated 
with measures of power. This study utilizes eight tests in which 
power should be a major factor in quality performance. These tests 
were? 9(1) 9 SAgility*run; (2) * lloyd ‘sprintyee(3)“40yd “sprint; .(4) two 
stairs per stride stair run time; (5) freestyle stair run time; (6) two 


stair per stride stair run time while carrying 10% of body weight; 
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(7) maximal quadriceps torque on Cybex II at 180°/s ; (8) maximal 
hamstring torque on Cybex II at ERO! Veen’ The significant correlations 
between 40 yd sprint time and the three measures of stair run power 
(0.71, 0.62 and 0.73), between 10 yd sprint time and 40 yd sprint time 
(0.82) and between the three power stair run tests (0.707, 0970'vand' 0258) 
imply that a relationship exists between the scores for these five tests. 
This relationship could be the ability of these five tests (10 yd sprint 
time, 40 yd sprint time, and the three stair run tests) to measure the 
same power component. Agility run time and quadriceps and hamstrings 
maximal torque at 180°/s did not correlate significantly with 10 and 
40yd sprint time or the three stair run tests. This implies that the 
Cybex power tests and the agility test do not measure the same power 
component as the sprint and stair run tests. None of the power tests 
demonstrated high correlations with % FT (the highest was -0.41 with two 
stairs per stride stair run test). This data suggests that % FT fiber 
population by itself does not contribute to the prediction of anaerobic 
power. However, 4 FT fiber population does not indicate the total number 
of FT muscle fibers that can be recruited to perform this type of work. 
As well, fiber cross-sectional area is directly related to the muscle's 
ability to generate tension. Thus if the total number of FT fibers that 
can contribute towards the generation of anaerobic power, as well as the 
total cross-sectional area of these useable fibers were known then higher 
correlations between FT muscle population and anaerobic power might be 
found. A significant correlation of 0.59 was found between ATPase and 


CPK activity. This implies that arelationship exists between these two 


‘Sache (6) 


anal takers wr te 


Cort CHEN weve aM 


(he Oh: Ba ws ii al Pye: nve a co cyt 


eee OM UT 1S 
’ a Wh fe Cict ¥ 
1 aay 
O44 feet: OTE f 


a 
. 


: 1 ; ¥, vF 
id r og! Pie Ts + 
a ’ spe 


rd Se SE PRG NET Gia 


ve ; v + a ‘ “~\ to ff 
¥ By ar. ; 7 AEM ' M sha ay 


eed meena | wel a ora \ ul “at sth eo 


sn Algor vi ier ie a cosa io “ 


‘hte. maul ni fe 7 


“yay ah ane 


4 in be AL eyesry ie 


ne ie De am te = hiss . Sunk 


at wil eS es aa ea * 


Abas te 4 Shy yr haa 


ee em ce a a ae on : tw ted 


4 cr any = _ q 
SA kik: COU ea AD 2) 


Pi “ita, 


ONE MA OES mt Poe 


oe « at me , 4 
fart dia! ae ‘at ta 


2 


ehitione | ss 


ie ie 


49 


enzymes. However, the correlations of CPK and ATPase with the sprint 

and stair run tests, although significant, were low (from -0.36 to -0.43). 
These low correlations imply that other factors probably also contribute 
to whatever relationship exists between the two enzyme activities and 

the sprint and stair run tests. The concentration of ATP and CP (reactions 
catalyzed by ATPase and CPK respectively) might very well be the 

above mentioned contributing factors. 

Anaerobic capacity is a function of the initial energy stores 
available for anaerobic metabolism as well as the rate at which the body 
can regenerate the phosphagen energy stores. ATP and CP are the fuels 
available in the muscle cell which can be used for the immediate generation 
of energy to produce anaerobic power. Glycogen is an energy substrate 
stored in the muscle cell which is used to regenerate ATP via 
glycolysis. LDH catalyzes the conversion of pyruvate and NADH into lactate 
and NAD - a step necessary for glycolysis to continue. There- 
fore, LDH activity is directly related to the rate of regeneration of 
energy. High intensity interval work with a relief interval of fifteen 
seconds or less utilizes anaerobic glycolysis for the regeneration of 
energy stores. The number of high intensity repetitions completed during 
interval work of no greater than 1:5 work to relief ratio would be a 
measure of anaerobic capacity. The endurance stair run tests and the 
Cybex quadriceps endurance tests at 30°/s and 180°/s are high 
intensity interval tests with work to relief ratios of 1:5 and ws 
respectively. The correlations of LDH PysLa with stair run trials (0.14), 


quadriceps 30°/s trials (0.13), hamstrings 30°/s trials (-O0214),, 
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quadriceps 180 /s trials (0.11) and hamstrings 180°/s trials 
(-0.02) as well as LDH La+Py with the same variables (consecutively 
as above = 0.21, 0.22, -0.05, 0.09 and -0.07) suggest, however, that 
factors other than LDH activity contribute more to the prediction of 
anaerobic capacity. These factors could well be the initial stores of 
glycogen in the muscle fibers and the ability to recruit muscle fibers 
for this type of work. 

In conclusion, correlational data do not imply causal relationships. 
However, the lack of a correlation does suggest that no causal relation- 


ship exists. 


PHYSIOLOGICAL CHANGES AFTER A COMPETITIVE SEASON 


A large variation in post-season fitness levels in comparison to 
pre-season fitness Levels was observed within the sample population as 
well as within groups in the sample population. It is likely that these 


large variations were a function of: 


C1) the initial fitness levels of the subjects; 
Cz) the amount and intensity of physical activity 
during practice sessions over the course of the 


season. 


There was no control over either of these factors. Since a pre- 
training camp conditioning program was not compulsory large differences 
in inittal fitness levels were expected. Through conversations with 


coaches and players it became obvious that certain players had participated 
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enuevery bittle. 1f any, fitness training whereas other players had 
been weight training and running for at least three months. 
As well, it was learned that few players deviated from the traditional 
weight training and jogging regime. Of those who chose programs other 
than weight training and jogging most ran stairs or wind sprints. 
Many players were relying upon the rigors of training camp to improve 
their physical fitness. 

Based upon accessability to practice outlines and through personal 
observation it was decided that the major emphasis during practice 
was on the learning of offensive and defensive systems through repetitious 
execution of techniques. Brief bouts of agility drills and 'sled work! 
followed a stretching type of warm-up and preceded the systems portion 
of practice. Practice was usually concluded with either ‘wind sprints! 
or interval runs around the football field. Every Monday, practice was 
concluded with a two mile jog. During practice, the different groups 
rarely participated in the same drills. Backs, receivers and linebackers 
Seldom worked on the sled whereas linesman seldom did agility or 
cunning dritts, Win tact, receivers, quarterbackers and running backs 
rarely participated in drills other than practicing plays, running pass 
patterns, pass catching or ball handling. Defensive backs and linebackers 
Seldom tried drills other than running backwards, footwork, tackling, 
pass catching or pursuit. Lineman seldom changed their daily practice 
routine of sled work and one-on-one line blocking. As well, some groups 
had such an excess of players (especially defensive backs) that during 
Systems and specialty team practice many players were inactive observers. 


The majority of players who had participated in a fitness program 
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prior to the season discontinued these programs once training camp 
Started. A few players continued weight training but only on a 
maintenance program (once or twice a week compared to three or four). 
Some players also were unable to participate in practice at various 
times throughout the season due to illness or injury. Based upon the 
above description of differences in pre-season training programs and 
in-season activity levels it is easy to explain the large changes in 
fitness levels. 

Generally speaking, players who reported to training camp in poor 
physical condition improved their physical fitness whereas players who 
were extremely physically fit prior to training camp were less fit by 
the end of the season. 

The decrease in maximal oxygen consumption in football players over 
a competitive season was unexpected in light of the aerobic training during 
practice. A decrease in vO. max can be attributed to the lack of a 
suitable overload to the cardiorespiratory and muscular systems over an 
extended time period. Defensive backs, with the highest vO, max pre-season, 
were the only group to show a significant decrease in vo, max. It appears 
that the vO., max decrease for DB could be attributed to a reduction in 
physical activity during practice as a result of the large number of 
players who practiced with the team over the season. Twelve players 
were kept after training camp to compete for five starting positions. 

This meant that, since no other group had enough surplus players to make 
up a second squad, at least one-half of the DB spent a good portion of 


practice as inactive observers. It is interesting to note that receivers, 


who probably did the greatest amount of aerobic training over the season 
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also showed the least reduction (-0.4%) in vo, max post-season compared 
to pre-season. 

The significant decrease in freestyle stair run time post-season 
could be related to the great amount of sprint type running performed 
during the season in comparison to the small amount of sprint time 
running performed prior to training camp. Wide receivers, who probably 
did the greatest amount of sprint type running ranked highest in terms 
of magnitude of change in freestyle run times post-season compared to 
pre-season. This increase in sprint running speed in combination with 
an increase over the season in the amount of resistive type exercise, 
such as that performed during 'sled work' and when attempting to block 
or defend against a block, might also explain the significant increases 
in maximal hamstrings torque at 30°/s and maximal hamstrings and 
quadriceps torque at 180°/s It is interesting to note that defensive 
backs, who do the greatest amount of sprint type running backwards, were 
ranked highest for magnitude of change in hamstrings strength (30°/s ) 
and second highest for magnitude of change in hamstrings power (180°/s )s 

It was not the intent of this study to determine the causes 
associated with physiological change over a competitive season but to 
determine whether any change did in fact occur. Since the reported 
physiological changes are directly related to the amount and intensity 
of specific physical activity these results could prove to be very help- 
ful to the coaches and players of the University of Alberta ‘Golden 


Bears' football team in designing pre-season and in-season physical 


training programs. 
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PHYSIOLOGICAL PROFILES OF FOOTBALL PLAYERS 


The discussion of these results would be simplified and more 
meaningful if all subjects were at their optimal fitness level when tested. 
However, as has been previously mentioned, the pre-test fitness levels 
of the subjects had a large variance due to the lack of compulsory pre- 
season fitness programs which would specifically improve those fitness 
components most needed by football players. The discussion of these 
results would also be simplified and more meaningful if all subjects 
were playing in the position best suited to their physiological abilities. 
However, data on the physiological abilities of the professional football 
player (likely the most homogeneous of all football players by position) 
are not available. 

The results of this study indicate that the players used in this 
investigation, when grouped as offense against defense, defensive backs 
against wide receivers or offensive running game players against 
defensive running game players, did not differ significantly for the 


following variables: 


(1) activities of the enzymes LDH, SDH, CPK and myofibrillar ATPase 
in the vastus lateralis; 

(2) % fiber population of vastus lateralis; 

(3) leg power; 

(4) leg strength; 

(5) leg endurance; 


(6) % body fat; 
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(7) agility; 
(8) anaerobic capacity; 


(9) aerobic capacity. 


If the data of Novak et al. 68, Wilmore and Haskell 72, Forsyth and 
Sinning 73, Wickkiser and Kelly 75, Smith and Byrd 76 and Wilmore et al, 
76 are pooled to provide the same comparisons, the same similarities 
exist. Since these different units directly compete against one another 
Superiority by one unit over the other should be an advantage in 

winning football games. Two hypotheses can be formulated from the 


results of this study: 


(1) that factors such ashand -eye coordination, learning 
ability, skill acquisiton, skill level, motivation, 
previous experience, leadership, intelligence, and 
Strategy contribute more to the success of specific 
groups of football players which in turn would provide 
the advantage necessary to win football games. 

Q) that by improving the physiological variables measured 
inythis®study, for a specifiie group of football players, 
a superiority would be gained which would be an 


advantage in winning football games. 


If success in football is based upon winning games, most people 


will agree that an improvement in the coachable factors as well as the 


trainable factors will best accomplish this goal. Based upon the 


winning percentages in relation to daily practice procedures, of specific 
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teams, the writer hypothesizes that improvements in the physiological 
variables of football players by position (specific positions would 
require greater improvement of some variables than others) would improve 
the winning percentage of a football team. The physiological data 
collected on the football players used in this study (divided into 

eight groups) will now be used to expand this hypothesis. 

The ability of the muscle cell to utilize oxygen for the generation 
of ATP, which can be hydrolized to produce energy for work, is one of 
many variables which contribute to a football players success. During 
high intensity work the role of aerobic generation of ATP is minimal. 
Football is a game involving many short bouts of high intensity work, 
each being followed by a longer, less intense bout of recovery. It 
is during this recovery period that the aerobic energy production system 
functions. The capacity of the aerobic energy production system and 
the rate at which this sytem can produce ATP will determine the total 
amount of ATP that can be produced during a given quantity of submaximal 
Exercise, Maximal oxygen consumption has been used as an indicator 
of aerobic power whereas SDH activity has been used as an indicator of 
the aerobic systems rate. If a large amount of energy is used during 
an activity, as is the case during a football practice or game, and 
the body cannot supply this amount of energy over a given time period, 
then performance will suffer. Thus, individuals with high aerobic 
power and a high aerobic energy production rate should have a decided 
advantage during a football practice or game. This suggests that all 


football players should have high oxidative capacity. However, players 
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such as receivers and defensive backs, who do considerably more running 
than other players, will need higher aerobic capacities and therefore 

for them, greater emphasis should be placed on aerobic training. The 
results of this study which show defensive backs and receivers having 

the highest oxidative capacity (both vO, max and SDH) are in agreement with 
the data of Smith and Byrd (76) and Wilmore et al. (76). 

Muscle strength and power, especially in the legs, are probably 
the two most important physiological variables needed by a football 
player for successful performance. Two subjects in the offensive lineman 
group will be used to illustrate this point. Subject 37, who was 
subjectively rated one of the worst offensive lineman by the coaching 
staff, ranked lowest for the power and strength variables whereas subject 
43, who was subjectively rated one of the best offensive lineman by the 
coaching staff, ranked highest for the power and strength variables. 

All players need leg power and strength but players who are more involved 
in blocking and tackling should possess higher values than the defensive 
backs, quarterbacks and wide receivers. The results of this study did 
show DL, OL, LB, IR and RB to generally be ranked highest for Cybex 

leg strength and power variables. 

The finding that lineman and linebackers possess greater percentages 
of body fat than backs agrees with what has previously been reported 
(Novak et al.68, Forsyth and Sinning 73, Wickkiser and Kelly 75, and 
Smith and Byrd 76). It is possible that lineman and linebackers need 
this additional percentage of body fat for protective reasons. Of all 
football players, lineman and linebackers take the most physical abuse 


during practices and games. The body fat could serve as a form of 
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protective padding to reduce the severity of muscle injuries. Based 

upon the known % body fat in comparison to the player's ability 
(subjective rating by coaches) the writer suggests that 6% to 8% for 
backs and receivers and 10% to 12% for lineman and linebackers would 

be recommended levels of % body fat. The previously reported correlation 
of 0.61 between % fat and power stair run time indicates the loss of 
power associated with excess fat. It is evident from tables 22.3 and 
22.6 that the lineman as compared to the receivers were significantly 
less powerful as well as significantly fatter. 

Saltin (73) has suggested that athletes participating in activities 
that involve both aerobic and anaerobic energy production might best be 
serviced by an equal distibution of FT and ST muscle fibers. The 
findings of this study (grand mean = 47.8%) support this hypothesis. 

No conclusion will be formulated concerning the enzyme data 
reported in this study. However, examples of a few very noticeable 
differences for certain subjects might infer, that with additional 
research, certain relationships might be found. Subjects 13 and 32 who 
were ranked highest for the number of stair run trails completed to 
exhaustion as well as lowest for the rate of fatigue had 74% and 54% 
greater CPK activity than any other subject (see tables 17.4 and 17.6). 
Subject 13 who had the fastest 40 yd sprint speed time also had the 
highest percentage of FT muscle fibers (75%), the largest CPK activity, 
and the third largest myofibrillar ATPase activity (see table 17.4). 
Subject 13 also ranked very high for vo. max, LDH activity, and SDH 


activity and very low for % body fat and power stair run times (see table 
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CONCLUSIONS 


Within the limits of this study the following conclusions 


have been made: 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


That for the football players in this study the intercorrelations 
between the scores on the three power stair run tests ( freestyle, 
two stairs per stride and two stairs per stride weighted ) were 
higher than the intercorrelations with the scores of the Cybex 
power tests. 

That percentage of vastus lateralis muscle fiber population, by 
itself, is not useful in predicting football ability as measured 
by the performance tests used in this study. 

That the University of Alberta Football Team decreased in aerobic 
fitness over the competitive season as measured by Vo., max. 

That for the University of Alberta Football Team leg power and 
strength increased over the competitive season as indicated by 

a decrease in freestyle stair run time and increases in Cybex 
torque values. 

That different positions in football display different degrees 

of development for certain fitness components. This implies 

that football players should be physically trained by a program 
that will improve the physical fitness components most needed 

in that position for successful performance. 

That vastus lateralis enzyme activities in combination with the 
concentration of the metabolite used in the reactions the enzymes 


catalyze might be useful in measuring anaerobic and aerobic power 


and capacity. 
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REVIEW OF LITERATURE 


Maximal oxygen consumption or uptake (VO., max) is one of the most 
commonly measured variables in physiological studies. Table 10 lists 
mean VO,max values for athletes from different sports as well as normal 


untrained or sedentary populations. 


Table 10. Mean VO,max of Males From Select Populations 
ee ee eee 
Activity n Age VO,max (SEM) es Author(s) 

yrs ml x kg x min 

pe EEE 
1. College Football 16420335 Be) Novak et al. 68 
2. College Football DED AES ys) 5On ut 802.0 Smith & Byrd 76 
Se Bro Football 15 SOs Wilmore & Haskell 72 
4. Pro Football 168 50.4 Wilmore et al, 76 
5. Elite Canoeists Gare 30 6909) Tesch et ae 
6. Elite Cyclists 20.6 6/ elses Burke et al. 7 
7. Elite Distance 

Runners re 20.2 17 Ger. 0 Costill et al. 76b 
8. Elite Cross- 

Country Skiers 6 1228 Stromme et al./7/ 
9. Wrestlers 10 Dido Saltin & Astrand 6/7 
10. Weight Lifters BPS) A021 -Ee0.4 Golinick et al. 72 
11. Untrained 10 43.5 Saltin & Astrand 6/7 
12. Untrained 195 27.24 Vey ee Ges: Costill et al. 76b 
13. Untrained 2a Model? Bie ATES) Gollnick et al, 7/2 
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From Table 10 it is apparent that: (a) athletes involved in highly 
aerobic activities (5,6,7 & 8) have high vo, max values as compared to athletes 
involved in highly anaerobic activities (10); (b) athletes involved in 
activities with both aerobic and anaerobic components (1,2,3,4 & 9) display 
VO,max values about half between the values for the highly aerobic and 
highly anaerobic; (c) untrained subjects have the lowest vo, max values. 

Aerobic capacity, as measured by oxygen consumption, is dependent 
upon level of training (Orlander et al.77) as well as genetic endownment 
(Klissauras 73, Leitch et al. /5, Weber et al, 76). With endurance training 
oxygen consumptions can be increased by as much as 20%. (Gollnick’"et als 
(Sekarisson, et. al.72, Kiessling et al.74, Pollock et al.75). 

Of special interest in Table 10 are the studies by Smith and Byrd 
(76), and Wilmore et al. (76). Smith and Byrd divided 27 college football 
players into four groups and reported mean VO, max values for each group; 
offensive backs had the highest value (60.2) followed by defensive backs 
(59.3), offensive lineman (55.9) and defensive lineman and linebackers 
(53.2). Wilmore and his associates used six groups for reporting mean vo, 
max values for 168 pro-football players; defensive backs had the 
highest value (53.1) followed by running backs and wide receivers (S242) 
linebackers (52.1), offensive lineman and tight ends (49.9), quarter- 
backs and kickers (49.0) and defensive lineman (44.9). The results from 
these two studies seem to indicate that running backs, wide receivers 
and defensive backs are very similar in their aerobic capacities as are 
the offensive and defensive lineman. However, these two groups differ 
from one another with the lighter backs, who do more running, having 


higher aerobic capacities. Linebacker 's vO., max values fall between the 
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Backs and lineman. 
Body composition, percent of fat and lean body weight (LBW), vary 
depending upon level of training and activity or sport participated in 


(see Table 11) 


Table 11. Body Composition of Males From Select Populations 

Activity n Age pakat LWB Authorfs) 

yrs (kg) 

College Football 65° 17-25 isc Q Does Wickkiser & Kelly 75 
College Football 27 18-26 LO a7 S053 Smith & Byrd 76 
College Football 16 2053 Loao a2 36 Novak et al. 68 
College Football ia 14.6 Forsyth & Sinning 73 
Pro-Football 180 eyes) 86.6 Wilmore et al. 76 
Marathon Runners 114 1D 59.4 Costu Geta l.70 
Wrestlers 37 8.8 67.9 Sinning 74 
Untrained 38. i274 19.5 74.5 Clarke teal /s/ 
Untrained 29 PAAR SS 1609 63.55 Girandola & Katch 73 
Untrained - lean 15 ATES) iS) Salk 57.4 Boileau et al./1 
Untrained - obese 8 as dl 36.5 ee) Boileau et al./1 


eee 


From Table 11 it is apparent that: 
(a) college and professional football players have similar % body 


fat even though professional players have a larger total body 


weight. 
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(b) marathon runners and wrestlers, athletes who expend large 
amounts of energy in training and competition, are consider- 
ably leaner than football players or untrained subjects. 

(c) football players, as a group (all positions) are leaner 


than untrained subjects. 


However, a different result emerges when football players are 
grouped by position. Wickkiser and Kelly (75) used five groups to report 
% fat of 65 college football players; defensive backs were the leanest 
(11.5%) followed by offensive backs and wide receivers (12.42) ,~ line- 
backers (13.4%), defensive lineman (18.5%) and offensive lineman and 
tight ends (19.1%). Smith and Byrd (76) divided 27 college players into 
four groups; defensive backs were again the leanest (9.6%) followed by 
offensive backs (13.8%), defensive lineman (14.3%), and offensive line- 
man (14.6%). Wilmore et al. (76) used six groups with 180 professional 
players to report % fat; defensive backs (9.6%) were similar to running 
backs and wide receivers (9.4%) while linebackers (14%), quarterbacks 
and kickers (14.4%), offensive lineman and tight ends (15.6%) and defensive 
lineman (18.2%) had considerably larger percentages of body fat. 

It appears then, that defensive backs, running backs and wide 
receivers possess similar percentages of body fat as do offensive and 
defensive lineman with linebackers having slightly less percentage fat 
than the lineman. Also, backs are much leaner than lineman. On referring 
back to Table 11 one now sees that backs are very similar to wrestlers 


whereas lineman differ very little from a sedentary,untrained population 
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in percentage of body fat. 

The use of isokinetic machinery to measure muscular strength and 
endurance is relatively new thus, to date, very little data of this 
nature has been reported in the literature. Isokinetic machines are 
considered the best available means of accurately measuring the muscle's 
maximum force curve, work, power and endurance capacities at performance 
speeds (Perrine 68). Also, Pipes and Wilmore (75) found that isokinetic 
training produced superior strength gains to isotonic or isometric 
training over an eight week program. Van Oteghen (75) demonstrated 
that volleyball players with the highest torque values at both slow and 
fast isokinetic speeds also recorded the highest power values as measured 
by vertical jump performance. The Cybex II, an isokinetic machine, has 
been shown to give torque values of high reliability (Moffroid et al. 69, 
Thorstensson et al. 76a). Isometric contractions performed with the 
Cybex II set atzero degrees per second produce the highest torque values 
and as the speed of the lever arm or angular velocity increases the torque 
output decreases (Thorstensson et al. 76a). A significant positive 
correlation has been shown to exist between torque output at high angular 
velocities (180°/s ), as measured by the Cybex II, and 4% FT muscle 
fiber population of vastas lateralis (Thorstensson et al./6a). As well, 
a positive correlation between fatiguability with rapid maximal voluntary 
isokinetic contractions and % FT fibers in contracting vastus lateralis 
has been reported (Thorstensson and Karlsson 76b). Thus, high angular 
velocities (180°/s ) produce lower torque outputs than do low angular 
velocities (30°/s ) and individuals with high proportions of FT 


fiber population in contracting muscle will fatigue sooner at high angular 
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velocities even though they can generate higher torque outputs. 
In the studies reviewed concerning biopsy data, only data pertaining 
to muscle vastus lateralis in males is reported unless otherwise stated. 
From research data it appears that trained athletes and untrained 
non-athletes differ in fiber population of muscle vastus lateralis 
(see Table 12). This difference appears to be a result of natural 
migration to an activity for which the athletes are physiologically 


suited rather than a training effect from the activity itself. 


Table 12. Percent FT Fiber Population of Vastus Lateralis in 
Select Male Populations 


Activity n Age hb EL Author(s) 
yrs 


Long Distance Runners 7 26 39 Karlsson et al. 75 
Long Distance Runners Betz o 40 Costill et al. 74 
Long Distance Runners oy 28) 40 Gollnick et al. 72 
Weight Lifters 7 26 51 Karlsson et al, 75 
Weight Lifters 4 ZD 54 Gollnick et al. 72 
Weight Lifters 8” 20743 56 Edstrom and Ekblom 72 
Sprinters 4 - 56 Karlsson et al.75 
Sprinters & Jumpers eA 61 Thorstensson et al. 77b 
Cyclists 22° 24.6 45 Burke et al. 7/7 
Untrained 12 es 61 Gollnick et’al. 72 
Untrained 132 2S] 60 Saltin et als/6 
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If the means for all the subjects listed in Table 12 are computed 
by activity the long distance runners possess 39.6% FT fibers, the 
weight lifters 53.7%, the sprinters and jumpers 59.5% and untrained 
subjects 60.5% FT fibers. Thus, endurance athletes (long distance runners) 
differ from power athletes (weight lifters, sprinters and jumpers), 
combined power and endurance athletes (cyclists) and untrained males by 
having a smaller percentage of FT muscle fiber. Power athletes and 
untrained individuals appear to differ very little in their fiber pop- 
ulations of vastus lateralis, both having approximately 60% FT fibers 
whereas the athletes who need both power and endurance capabilities have 
approximately an equal percentage of FT and ST muscle fibers. These 
differences in fiber populations assume more meaning if one relates them 
to the contractile and metabolic characteristics of the two fiber types 
and then relates these findings to the contractile and metabolic character- 
istics of power versus endurance activities (see Table 13). Thus, power 
athletes should be best served by the FT fiber, endurance athletes by 
the ST fiber and combined power and endurance athletes by a fiber type 
proportion that is approximately equal but possibly favouring the 
contractile and metabolic components more responsible for successful 
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Table 13. Contractile, Ultrastructural, Neural and Biochemical 
Difference in Skeletal Muscle Fibres (Burke and Edgerton 
(75) and Close (72)) 


e6063—e—oaawawaanaaa9a9a9wywywywOw0w0wowowTwyqTqTy*TqToWQWoQQQoo 


Parameter Fast Contracting Slow Contracting 
FT oe 
e6ueu0xq0o0o0o0—0="_—”“@—@™O0—@moT09Dnm@W@mnT9N9TT 
Speed of Contraction Fast Slow 
Reaction Time Fast Slow 
Time to Peak Tension Short Long 
Twitch Tension High Low 
Peak Isometric Tension High Low 
% Contribution to Tension 80% 47, 
Nerve Impulse Frequency High Low 
Fibre Diameter Large Small 
Size of Motor Neuron Large Small 
Myclination of Motor Nerve Yes No 
Conducation of Velocityon Motor Nerve Fast Slow 
Catt Release of Sarcoplasmic Reticulum Fast Slow 
Acetycholine Esterase High Low 
Glycolytic Enzyme Activity High Low 
Stored Glycogen High Very High 
Phosphorylase Activity High Low 
Reaction Velocity of Myosin ATPase Fast Slow 
Lactate Production High Low 
Lactate Uptake Low High 
Contractile Protein High Low 
Number of Mitochondria Few Many 


Oxidative Enzyme Low High 
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An extensive review of the literature failed to reveal any studies 
which reported myofibrillar ATPase activity in vastus lateralis muscle of 
athletes. However, Thorstensson et al. (76c, 76d) has reported values 
for physical education students before and after eight weeks of strength 
training. For twenty-two subjects from two different studies resting 
values averaged 7.5 umoles x Bis me min -. Following the eight weeks of 
Strength training the average resting value rose slightly to 8.1 
umoles x ae x nin |, These twenty-two subjects averaged 52.5 percent 
FT fibers. Thorstensson et al. (75) in another study, using four physical 
education students who averaged 57 percent FT fibers showed an increase 
from 7.0 to 9.1 umoles x ep x min + LNsactivity (of Mg?* stimulated ATPase 
activity after eight weeks of Sprint training on a motor driven treadmill. 
Histochemically, FT fibers are identified by a more intense staining 
pattern for myosin ATPase. It follows then, that FT fibers should have 
an ATPase activity higher than ST fibers. By teasing out individual 
fibers Thorstensson et al. (77a) found that fibers staining darkly for 


ATPase at pH 9.4 after pre-incubation at pH 10.3 (FT) had an actomyosin 


. -l AG 
ATPase activity of 0.84 compared to 0.30 umoles X g protein § X min 


for the light staining (ST) fibers. 

An extensive review of the literature also failed to reveal any 
Studies which reported CPK activity in athletes. Gollnick et al. (74) 
reported an activity of 2200 umoles x oa: x at at rest for nine men 
varying in age from 24 to 41 and with varying fitness levels. Thorstensson 
et al. (76c, 76d) noted CPK activity levels of 107 and 100 umoles x ee 


x min in twenty-two male physical education students before and after 
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eight weeks of strength training. Eight weeks of sprint training on 

a motor driven treadmill by four physical education students produced 

an increase from 99 to 135 umoles x Be x min + in activity of CPeK 
(Thorstensson et al. 75). CPK activity in FT fibers (166 umoles x g 
prerein: = fea has been shown to be higher than that found in ST 
fibers (131 umoles x g proce tae x ata (Thorstensson et al. 77a). The 
differences in activity levels reported by Gollnick et al. (74) and 
Thorstensson et al. (77), 2200 versus 99 umoles x ee x min -, indicate 

a wide variation exists in CPK activity in human subjects. 

Different lactate dehyodrogenase activity levels have been observed 
between power and endurance trained athletes. Karlsson et alien 75)) 
reported activity levels (pyruvate to lactate) of 156 umoles x ae x in 
in seven weight lifters with an average of 49 percent FT fibers while in 
seven long distance runners with only 29 percent FT fibers the activity 
levels averaged 67 umoles x ons x min, In a study using nine males 
ranging in age from 24 to 41 and of varying fitness levels Gollnick et 
al, (74) found resting LDH activity levels of 112 (pyruvate to lactate) 
and 63 umoles x am x rine (lactate to pyruvate). LDH activity has been 
shown to be higher in FT fibers (568 for pyruvate to lactate and 366 umoles 
x ¢ protein. x minis for lactate to pyruvate) than ST fibers (280 for 
pyruvate to lactate and 145 umoles x g protein x ate for lactate to 
pyruvate) (Thorstensson et al.77). 

Thorstensson et al. (75) reported an increase of twenty percent in 
LDH activity (from 156 to 166 umoles x oi x ite) after eight weeks of 
sprint training on a motor driven treadmill (four physical education 


students aged 16-18). Houston and Thomson (77) ,using older (34-37 years) 
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and more highly trained men (averaged 35 km running per week) found no 
significant changes in LDH activity (76.1 to 73.4 umoles x a x min”) 
following six weeks of high intensity anaerobic training. Kiessling 
et al. (74) observed mean LDH activity levels of 458 and 1070 umoles x 
a x ee in well trained men (mean age 53 years) and sedentary men 
(mean age 54 years) respectively. The sedentary group showed an increase 
of 11 percent (to 1192 umoles x Nee x Se in LDH activity after 
thirteen weeks of endurance training. On the other hand, Bylund et al, 
(77) showed no significant increases in LDH activity in nine males (mean 
age of 44 years) after six months of endurance training (263 umoles x 
a x ee reeerainine versus 256 umoles x eno x mine post-training). 
Suominen et al. (77) also found no significant changes in LDH activity in 
69 year old men (121.4 to 118.8 umoles x om x ain) and women (107.8 
to 89.7 umoles x ip: x mini following eight weeks of physical training. 
Sjodin et al. (76) found no significant changes in total LDH activity 
(214 to 224 umoles x nee x int for pyruvate to lactate and 70 to 72 
umoles x ay x ge for lactate to pyruvate) in six moderately trained 
men (15-23 years) following eight weeks of anaerobic training. The same 
authors (Sjodin et al. 76) however, observed a decrease in total LDH 
activity (123 to 106 umoles* x ae x ine for pyruvate to lactate and 
60 to 51 umoles x PSs x fins for lactate to pyruvate) in an eighteen 
year old long distance runner who increased his training distance from 
116 to 160 km. per week over a twelve month period. This same subject 
also exhibited a shift in the relative contribution of the specific LDH- 


isozymes; an increase in H-LDH isozyme contribution from 34% to 504 over 
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the twelve months. The data presented on LDH activity suggests that 
endurance trained athletes have lower total LDH activities than power 
trained athletes and that activity can be altered via specific training 
programs. 

Different succinate dehydrogenase (SDH) activity levels have also 
been observed between power and endurance trained athletes. Gollnick 
et al, (/2) aenetred SDH activity in different groups of athletes (see 
Table 14). They concluded that SDH activities were highest in athletes 


involved in endurance type activities. 


Table 14. SDH Activities of Vastus Lateralis in Males from Select 
Populations 


SDH Activity 


eckivity o; 2, (umoles x me x min °) 
Bicyclists 4 24 Lad. Oh tH lcO 
Runners 8 23 6e48250).5 
Swimmers 5 24 126 G2 ORS 
Weight Lifters 4 DS 3208+80.3 
Untrained 12 27 423 “Se086 


Burke et al. (77) measured SDH activity in competitive cyclists and 
untrained malesand although their values are somewhat higher (19.4 umoles 
x rit x ine for 22 cyclists versus 6.4 umoles x gx min for 19 


sedentary males) it is evident that endurance training enhances muscle 
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The activity of SDH can be increased through physical training. 
Saltin et al. (76), using untrained males (21.7 years) with a mean SDH 
activity of 3/9:umoles ‘x a x ing a, showed enhancement of SDH activity 
following both sprint and endurance training for only four weeks. 
Eriksson et al. (73) showed a 30% increase in SDH activity (5.4 to 7.0 
umoles x =: x Tr) in thirteen boys (11-13 years) following six weeks 
of endurance training on a bicycle ergometer. Gollnick (73) found SDH 
activity increased 95% (4.7 to 9.1 umoles x oie x mine) in six males 
(32.5 years) following a five month endurance training program on a 
bicycle ergometer. 

Slow contracting (ST) fibers have been shown to have higher SDH 
activity than fast contracting (FT) fibers. Essen et al. (75), using freeze 
drying techniques, isolated FT and ST fibers and found ST fibers had 


SDH activity of 29.6 umoles x ane x min as compared to 19.3 umoles x 
ee: mane dry weight for FT fibers. Henriksson and Reitman (76), 

also using the freeze-drying technique to isolate FT and ST fibers, looked 
at the effects of a two month training program (nine males aged 20-28 years) 
on SDH activity (both crude homogenate and pooled FT and ST fibers). Two 
different training protocols were employed on a bicycle ergometer 5 
continuous submaximal (CT) and interval maximal intensity (IE). Both 
training protocols produced substantial increases in crude homogenate 

SDH activity (I.T. from 9.1 to 11.6 umoles x og x min oe and (G.2.).1.rom 
LOL to°l2.3 “umoles: x a x ye However, in the CT group SDH activity 


increased only in the ST fibers whereas in the 1.1. group SDHractivity 


increased only in the FT fibers. Slow contracting fibers had higher SDH 
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than FT fibers both before (11.6 to 8.0 umoles x gah x nin) and after 
(14.0 to 10.1 umoles x a x ey training (subjects from both groups 
were pooled to compute these means). In another study Henriksson and 
Reitman (77) measured SDH activity in eight males (20-23 years) over a 


period of training (on bicycle ergometer at average of 89% VO. max) and 


2 
detraining. These authors found that SDH activity of vastus lateralis 
increased 32% above pre-training levels following eight weeks of training 


but then returned to pre-training levels following six weeks of normal 


activity. 
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TO: ALL 1977 GOLDEN BEARS DATE: July 21, 1977. 


>FROM: The Coaching Staff 


In less than one month, the 1977 GOLDEN BEAR Training Camp will 
open. From the observations we have made, the team appears more 
prepared than ever for camp. That has to be a great sign. 


As a method of testing your level of prepaiedness, a new, improved 
batter, of fitness tests will be administered prior to our first full 
gear practice. Included in the items are a series of physicai tests of 
agility, speed, strength, power, maximum oxygen consumption, muscle fiber 
population and muscle enzyme activity. Clearly, this is an expansion of 
the number of test items in previous pre-camp fitness appraisals and 
therefore will require more of your time before camp opens. 


Enclosed is a Player Information Sheet. Please complete ALL parts 
of the form if you are a NEW player. If you are a returning veteran, 
indicate whether you require room and board during training camp and 
fill out the Testing Appointment Chart. 


For all players: If you are from out of town, we will assume room 
and board costs beginning August 17th (evening). Thus, you could devote 
both the 17th and 18th to che testing program. If you live in the 
Edmonton area, we would like to begin testing August 8th. The testing is 
quite extensive so allow a number of alternatives when blocking out the 
times you can be available. 


If you are around the University, drop it off or slide it under 
my office door. It is very important we receive this information at the 
earliest possible date! This pre-camp fitness profile forms the basis 
of an ambitious and extensive longitudinal study being carried out by 
Ray Manz, a 1976 graduate of our team. We appreciate the fact that 
subjecting yourself to the test items may be inconvenient and, in some 
cases, time consuming. Nevertheless, it is important that you understand 
the rationale of our commitment to this and other studies. 


in order that intercollegiate athletics continue to remain viable 
within an academic environment, it is becoming apparent that the total 
program demonstrate increased involvement in other aspects of university 
life. Merely playing the games is not enough to justify large financial 
expenditures and satisfy critics of intercollegiate athletics. 


Our participation in projects such as this aids our credibility, 
gives us vital exposure and provides you, as well as the coaching staff, 
with invaluable information about training programs and your fitness level. 
In a word, the GOLDEN BEARS are doing their thing for the expansion and 
proliferation of knowledge. 


Please return the INFORMATION SHEET quickly. We will be in touch 
with you the first week of August. 


Take care, 


J.G. Donlevy 
For the Coaching Stuff. 
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Input Portion of One-Way Analysis of Variance APL Program 
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DIVISION OF EDUCATIONAL RESEARCH SERVICES 
FACULTY OF EDUCATION 
UNIVERSITY OF ALBERTA 


Computer Program Documentation 


TITLE: CORRELATIONS WITH OPTIONAL T-TESTS (missing data) 
MACHINE: IBM 360/67 

LANGUAGE: FORTRAN IV (H) 

SUBPROGRAMS: CORMD, STUDT, PNORM 


(XDER:SUB) TITLE, FLGCHK, PMAT, ERRR, WARN 
(USER) DATRAN 


LIMITS: MAXIMUM OF 100 VARIABLES 

LIBRARY: XDER 

OPERATING SYSTEM: MTS 

PROGRAMMER: S. Hunka, revised by W.S. Ebersberger 

a a ial DE ee ee ee ee ee Se 
DESCRIPTION 


This program calculates means, variances, standard 
deviations, and correlation coefficients (Pearson) for up to 100 real 
variables. Zero is taken as missing data the user may supply a Datran 
subroutine for handling transformations of input data. 


As options, the user may have the correlation 
coefficients output on cards and have calculated T values and 
probabilities to test the hypothesis that the correlations are zero. 


PREPARATION OF CARDS 


CARD SEE 
SEQ. NOTE GARDEPYPE COLSE DESCRIPTION 
Af mitte. Card Any title descrytive of the 
run. (Not to be left blank) 
2 Parameter Card Number of variables to be 
input. (Maximum: 100) 


Number of variables after 
Datran. (Maximum: 100) 

Expected number of observations. 
(Noradamit; if over 99,999 

leave blank) 

Number of data format cards. 
(Maximum: 5) 

1 if T-tests are desired. 

0 or blank otherwise. 

1 for card output of correlation 
coefficients. O or blank 
otherwise. 
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Preparation of (Cards Cont inued: 


CARD SEE 


CARD TYPE COLS. DESCRIPTION 


s) Data Format Card(s) F format for each variable 
to be input (max. 5 cards) 

4 Data Cards As described by format 
statement. 

> SENDF ILE Indicates end of data for 
EID Bersbpc 

6 Blankicard.or card Execution terminates if 


cara if blank. A non-blank 
card will be read as the 
title card for the next run. 


types 1-6 for nest Fun. 


USER NOTES 


(1) All parameters integer and right-justified in the columns indicated. 


(2) The same datran will be used for all runs. 


DATRAN SUBROUTINE 


The user may supply a datran subroutine in order to 
transform input data or to cause a record to be ignored. The subroutine 
is to be specified as follows: 


SUBROUTINE DATRAN (X,NVI,NVD,MISS) 
DIMENSION X (1) 


. RETURN 
END 


Executable fortran statements are to be placed between 
the dimension X(l) and return statements in the order in which they are to 


be executed. 


The parameters are: 


X Vector of observations from current record 
NVI Number of variables input 
MISS Has the value O when subroutine is called; if changed to Le 


all observations from the current record will be dropped. 


NVI and NVD must not be changed by the subroutine. 
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Sample print-out from Beckman Metabolic Measurement Cart showing the 
last four work bouts for this subject. Print-out A and B are the same 
work load whereas print-out C and D are at a 24 degree steeper grade. 


ie 151,146. 166,210. V 
4,836. 4,996. A 


VO,=oxygen Divo 
consumption 


mi x Ae kg > (STPD) Det, 
ars 


Cumulative Tine ——____«_8s 3()] (00 


V= VE - minute volume ml/min (BTPS) R = Respiratory Quotient 6 
A = VO» - oxygen consumption ml/min(STPD) C2 = Expired Air Temperature ( C) 
Cy = VCO, - ml/min (STPD) P = Barometric Pressure (MMHG) 

V = Expired Volume (ATPS) 

T = Time of Measurement (seconds) 


180,169. 164,914. V 
5,019. 4,865. A 
57.8 
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PHOTOGRAPH OF WEIGHT BELT AND STAIRS 
USED FOR STAIR RUN TESTS 
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Sample Percent Body Fat Calculation 
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MEASUREMENTS: SUBJECT: 
(1) Wt. in air an Sire 
Cee Vital capacity (v.c.) Uh se (oa bel 9a" cu.in. 
(3) Residual Volume 25% ($) or 30% (od) VaCe2 = cu.in. 
(4) Vol. Gastro-intestinal track = 7.01 eu.in. 
(5) Wt. in water (full inspiration) = lbs. - (belt wt.) 
(must be negative) 
CALCULATIONS : 
Come total Body Air (T.sBsA.) = V.C. Client. 
+ ORS CUcin. 
+ VGI Cu.an:. 
= x .0362 = lbs. 
(7) True wt. in water = weight in water (from 5 above) lbs. 
+ total body air (from 6 above) lbs. 
= lbs. 
(8) Body Volume = wt in air (1) - true wt. in water (7) 
(9) Body Density = wt. in air (1) 
Density of H 
xX 
= body vol. (8) 
(10) % Fat =f4.570 - 4,142] x 100 
Body Density 
= /, 
(11) Lbs., Fat = (%4fat) x (wt.) = 
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Sample Cybex Calculation 


30 degrees per second 
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chart speed = 4 sec/cm or 4 sec/10 units 

Mennet. = 12 ft* ibs 

max. duddriceps torque = 21.9 units = 21.9 x 12 = 26256 ftps. 

max. hamstrings torque = 10.8 units = 10.8 x 12 = 129.6 ft akbs. 

number of contractions to 50% of max. torque for quadriceps = 12 

fatigue slope is calculated from the regression line or alie 12 contractions. 


180 degrees per second 


ie 
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CYBEX DIVISION LUMEX INC. BAY SHORE, NEW YORK 
chart speed = 4 sec/cm or 4 sec/10 units : 


1 unit = 6 ft’lbs 

max. quadriceps torque = 21.4 units = 21.4 x 6 = 126 -4520- lbs. 

max. hamstrings torque = 10.8 units = 10.8 x 6 = 64.8 PCS ys: 

number of contractions to 50% of max. torque for quadriceps = 1/7 

number of contractions to 50% of max. torque for hamstrings = 22 

fatigue slope is calculated from the regression line of all contractions 


to 50%. of max. torque. 
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Myosin ATPase Histochemical Procedure 


A. Solutions 


1G 10.4 pre-incubation medium 


0.1M 2-amino-2-methyl-1 proponal 


18mM CaCl, 


mix into appropriate volume of H0 and adjust pH to 10.4 


oe 4.65 pre-incubation medium 


0.5M sodium acetate - 3H,0 
0.5M KCl 


mix into appropriate volume of HO and adjust pH to 4.65 
with glacial acetic acid. 


3 9.4 incubation medium (made fresh) 
0.1M 2-amino-2-methyl-1-propanol 
18mM CaCl, 
2. 7mM- ATP 
mix into appropriate volume H0 and adjust pH to 9.4 
Bi. Pre-incubation Procedures. 


i) Alkali 1. 
Dp 
ee 


(ii), Acid] 2. 
Doe 


Rinse dried sections in 0.1M Tris-HCl containing 18mM 
CaCl, at pH 7.8 twice for 30 sec. each. Blot off excess 


solution on a paper towel. 
Incubate in 10.4 medium for 15 minutes at room temperature. 


Rinse twice more in 0.1M Tris-HCl with 18mM CaCl, at 
pH 7.8 but this time for 1 minute each and with agitation. 


Incubate in 4.65 medium for 1 minute at room temperature. 


Wash twice in 9.4 incubation medium without ATP for 
30 sec. each. 


Incubation and Staining Procedures. 


The following steps are identical for the alkali and acid stains 
and are carried out at room temperature unless otherwise stated. 


As Incubate for 30 min. in 9.4 incubation medium in water bath 
at: 31°C. 


20 Wash in 4 - 30 sec. changes of 0.0/™M CaCl.. 
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Place in 2% cobalt chloride twice for 1.5 min. each. 


Rinse 4 x 30 sec. in 0.1M 2-amino-2-methyl-l-proponal at 
PHeo 4: 


Place in 1% ammonium sulfide for 2 min. 
Rinse in cold running tap water 3+5 min. 


Blot on paper towel and dehydrate in two changes of 
acetone of 3 min. each. 


Blot on paper towel and clear in two changes of xylene 
of 3 min. each. 


Mount in diatex. 


PHOTOMICROGRAPH OF VASTUS LATERALIS 
MUSCLE STAINED FOR MYOSIN ATPase 
( pH 9.4 ) MAGNIFICATION X 120 


PHOTOMICROGRAPH OF VASTUS LATERALIS 
MUSCLE STAINED FOR MYOSIN ATPase 
( pH 4.65 ) MAGNIFICATION X 120 
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Biuret Protein Determination 


Reagent Mixture 


LG tee CuS04 «5H 
Saas ue mix in 500 ml H.0 


2 
6.0 g NaKC,H,O, + 4H,0 


2) While stirring add 300 ml of 10% NaOH (30g/300m1 H,0) 


3 Adjust final volume to 1000 ml. 


Procedure 


he Add .05 ml. muscle homogenate to 2.5 ml. of reagent mixture 
and mix. 


Ze Make a blank using 0.5 ml. of homogenate buffer in 2.5 ml. 
reagent mixture. 


aA Let stand at room temperature for 10 min. 


4. Read the 0.D. at 540 nm. on spectrophotometer. 
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HOMOGENIZATION PROCEDURE 


Buffer\= 0.1 M Tris at (6.05¢/500 ml.) pH 7.5 - stored in fridge. 


Le Remove blood and connective tissue from sample while thawing 
in ice cold Tris buffer. 
Zs Blot sample and weigh on Mettler to nearest tenth of a milligram. 
ce Place sample in glass homogenizer with 0.5 ml. buffer. Place 
homogenizer in an ice water bath. Grind three times for 3-4 
seconds in 30 sec. intervals. Add another 0.5 ml. of buffer 
and grind twice more. Pour off into test tube. Add another 
2 ml. buffer to homogenizer, swish around also cleaning pestle 
and pour into test tube thus diluting sample in, 3 mie of buifer. 
Bs Do protein (Biuret) determination on Spec at 540mm... Oo1 mL. 
homogenate in 2.5 ml. reagent; mix and read after 10 min. 


incubation at room temperature. 


De Do enzyme determinations in this order: 
) SDH. 
(b) LDH. 
(c) CP. 


(d) ATPase. 
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Lactate Dehydrogenase Biochemical Procedure 


initia | Final 
Concentration Concentration 


Forward Reaction. 


je ety bee buffer (33633 9/100) ml H,0) 0.3M 0.2M 
oe 1 ml pyruvate (4 mg/10 ml H,0) 3mM 1mM 
oe Zul NADH (10 me’ /ml H.0 and 1 ul 

of 2-mercapoethanol) 14mM 9.2uM 
4. Incubate 5 min. at 30°C. 
ug Add 25 ul of muscle homogenate and 


record reaction. 


3027 ul = final volume. 


Backward Reaction 


1 1 ml Tris buffer (3.633 g/100 m1 H,0) 0.3M 0.1M 
Pio. 
2: 2 ml lactic acid (54 mg) 30mM 20mM 
» mixture in 
NAD (23 mgY 20m1 H,0 1.5mM 1mM 
S's Incubate 5 min. at 30°C. 
4. Add 25 ul muscle homogenate and record 
reaction, 


3025 = final volume 


LDH 
a TR ae, 
Pyruvate + NADH ==. lactate + NAD 
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Sample LDH Calculation 


Forward Reaction Backward Reaction 


| 
| 
| 


7 | 
2312 ini 30,l)sech |. 


Paper speed = 20 sec/cm. Paper speed = 20 sec/cm. 

Sample size = 25 ul Sample size = 25 ul 

Rate = 46.25 units/min. Rate = 37.09 units/min. 
Final volume | 3027) ul 3025 ul 
Volume muscle homogenate added 250 2521. 
size of sample and dilution 3mg/3m1 10.6 mg/3m1 
Standard 1 qa F 0.00007 wmoles/ml 0.00007 pmoles/ml 
A F rate AO 5i4/ aon 37.09 / min. 
concentration of muscle tissue in 

final volume 0.0083 mg/ml. 0.029 mg/ml. 


To convert above to pmoles x — x Pekan follow these steps: 


(1) divide 1000 by mg/ml of final volume muscle concentration. 
(2) multiply value in (1) by AF rate 
(3) multiply value in (2) by 0.00007 


1000 = 0.0083 = 120481.9 1000 + 0.029 = 34482.8 
120481.9 x 46.25 = 5572287.9 34482.8 x 37.09 = 1278967.1 
9572287 .95x,,0'.00007 = 390.1 1278967 .1 x 0.00007= $9.5 
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Succinate Dehydrogenase Biochemical Procedure 


fn eral 
Concentration 

O02 ml of muscle homogenate. 
0.75 potassium phosphate buffer (6.846g) 
with .05% BSA (50mg) in 100 ml H,0 Ae - 3M 
DH. 0. 
Let stand 5 min. at room temperature. 
Add 10 ul phenazine methosulphate - PMS 
14 mg/ml 45 .6mM 
Add 140 ul Succinic Acid Disodium Salt 
(1.6 g/10m1) 1M 


Incubate exactly 30 min. in dark water 
bath at 389°C. 


Stop the reaction with 225 ul of 1M NaOH 
Add 500 ul of stock bromobenzene and mix. 
1825 ul Total Volume. 

Centrifuge at 2000g. for 5 min. 


Add 500 ul supernatant to 2.5 ml 

of fresh hydrazine buffer (1.3g\ in 100m1 . 1M 
with 2 mM EDTA (74.5 mg) ys H20 2M 
and 0.4 mM NAD (27.6 mg) pH 9.0 0. 4mM 


Read blank fluorescence. 
Add 5 ul Fumerase« 0.25 ug/ml. 
Add 75 ul malic dehydrogenase=5 ug/ml. 


Allow reaction to run to completion (approximately 
2 hours) and read fluorescence again 

. ee Dee 
Succinate + FAD <a SE Fumerate + FADH, 


f 
Fumerate + 1,0) == Malate 


MDH ss Ft 
Malate + NAD Ss _ Oxaloacetate + NADH + H 
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Final 
Concentration 


2M 


-42mM 


. 13M 


083M 
1.67mM 
0.33mM 
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Sample SDH Calculation 


Blank Subject 1 


Reading at end of reaction 38.0 990 
Reading before enzyme added v2.0 24.0 
Difference 16.0 75.0 


AP due to SDH = 75--.16.= 59 units. 
mg tissue for subject l = 5.0 mg 
homogenate dilution 5 gas 3 ml 
Ton me t/a ls. 


Total volume Ist reaction mixture = 1825 ul 
Quantity of muscle sample in lst reaction mixture = 1.67 x 0.2 
0.33 mg. 


concentration of muscle sample in lst reaction 
mixture = 0.33 mg / 1.825 ml 
O33 me o/ am]. 


Final reaction mixture volume = 3080 ul. 

Quantity of muscle sample in this volume = 500 ul of Ist mixture 
OSL 63 ymg ux? O'.5 

0.091 mg tissue 


concentration of muscle sample in 
final mixture = 0.091 mg in 3.08 ml 
0.03.me f mi. 


1 AF unit (from spectrophotometer standard) = 0.0001 umoles/ml. 
Time of SDH reaction = 30 min. 


0.03 mg tissue per ml. caused AF of 59 units over 30 min. 
since want final value in pmoles x gal x min.~1 
follow these steps: 


(1) convert to grams by dividing 1000 by 0.03 mg = 33,333.3 
(2) convert to min. by dividing 59 by 30 = 1.97 uwnits/min. 
(3) convert to pmoles x min7! by multiplying 0.0001 by 1.97 = 


110 


.0002 pmoles/ 
min. 


(4) convert to pmoles x a x aa by multiplying D2 0002 by. 33,5333.3 


tocget tinal activity of 6.56 pmolessxio x min. 
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Creatine Phosphokinase Biochemical Procedure 


Initial Final 
Concentration Concentration 


2.941mL.. O0.IM sTris. (605 ¢/5002m1 H,0) 0.1M 0.089M 
0.1 ml phosphocreatine (76.5 mg/ml H,0) 300mM 10mM 
O.1 ml ADP (25.6 mg/ml H,0) 60mM 2mM 
0.1 ml Glucose (1.8¢/2m1 H,0) 5M 167mM 
O.1 ml NADP+ (23 mg/ml H,0) 30mM 1mM 
0.1 ml Sodium Fluoride (31.5 mg/ml H,0) 750mM 25mM 


5 ul Hexokinase - HK (0.6 IL.U./m1) 


5 ul glucose - 6- phosphate dehydrogenase - 
G6P-DH (0.3 1.U./m1) 


30° wi: MgCl, (6.1¢g/100 ml H,0) 300mM 3mM 
Incubate 7 min. at 30°C. 


Add 25 ul of muscle homogenate, mix and 
follow the reaction. 


Final volume = 3065 ul 


Phosphocreatine + ADP ae ATP + creatine 


Glucose + ATP pe ae ahs Glucose 6-Phosphate + ADP + Ht 


pet te 
Glucose-6-phosphate + NADP* qoaidtend 6-phosphogluconate + NADPH+H 
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Sample CPK Calculation 


paper speed = 60 sec/cm. 


sample size = 25 ul 


reading 1 = 27 
reading 2 = 31 
time =) mins 

OD. Terereading.2 gan0d269 

O.D. for reading I = .141 

A OD ico) "mine 
mg. of tissue = 8.7 
homogenate dilution = 8.7 mg/ 3 ml. 
= 2.9 mg/ml. 
Final volume poles ey 
volume of muscle homogenate added = 25 ul 


concentration of muscle tissue in final volume = 0.024 mg/ml. 


To convert above data to pmoles x gle x oes a follow these steps: 


(1) convert A OD/min to wmoles/ml/min = 0.128 * 6.27 
= 0.02058 pmoles/ml1/min. 


(2) get conversion factor from mg/ml to grams 
by dividing mg/ml of muscle in final 
volume into 1000 = 1000 = 0.024 
= 41,666.7 


3) multiply value (1) by value (2) (ml. cancel each other) 


0.02058 x 41,666.7 = 857.5 smoles x ate x min. 
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Myofibrillar ATPase Biochemical Procedure 


Initial 
Concentration 

2.5 ml 0.1M Tris buffer (6.05g/500m1 H,0) 
ac pH (45 0.1M 
100 ul phosphoenol pyruvate - PEP 
(20 mg/ml H,0) 85mM 
50/ul ATP (28 mg / .5 ml H,0) 102m 
30F al MgCl, (6.1 g/100 m1 H,0) . 3M 
5 ul pyruvate kinase - PK 0.5 mg/ml 
5 ul lactate dehydrogenase - LDH 0.1 mg/ml 
15 ul. NADH (10 mg in 1 ml. of H,0 and 1 ul 
of 2 - mercaptoethanol) 14mM 


Incubate 20 min. at 30°C. 


Add 200 ul of muscle homogenate, mix and follow 
reaction. 


Final volume = 2905 ul 


+ 
ATE EO ae wrt Pt 


+ 
PEP + ADP + H ie They Pyruvate + ATP 


Pyruvate + NADH a Lactate + NAD 


Lig ee 


Final 
Concentration 


0.089M 


3mM 


1.8mM 


3.2mM 


75uM 
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Sample Myofibrillar ATPase Calculation 


paper speed = 60 sec/cm. 


sample size = 200 ul. 


( 
) 
| 
} 
ate 
i 
t 
J 


reading 1 = 20.0 
reading 2 = 9.2 
a time = 2 min. 
j 


“OD tor: reading: 1 ~= 0:0457 
OD for reading 2 = 0.0080 
A OD OOS 


Oe 


i 
| 
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| 
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| 
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| 

| 
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| 
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OD/min. 0.01885 


mg of tissue = 10.6 
homogenate dilution | So= 21026 mes jam) 

= 3.53 mg/ml. 
Final volume = 2905 ul 
volume of muscle homogenate added = 200 ul 


concentration of muscle tissue in final volume = 0.243 mg/ml. 


To convert above data to mmoles x gl ne min. + follow these steps: 


OL ORG8S (21 86.c2 7, 
0.00303 pmoles/ml/min. 


G1) convert A OD/min to umoles/ml1/min 


(2) get conversion factor from mg/ml of 
muscle in final volume to grams by = 1000 + 0.243 
dividing mg/ml concentration = 4115.2 
into 1000 

(3) multiply value (1) by value (2) (ml.cancel each other) 
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fabte 20.1) To. 20.7 One-Way Repeated Measures Analysis of Variance 
Summary Tables for Significant Pre versus Post 
Test Differences for All Subjects. (**p<0.05, 
***D<0.01). 


20.1 Cybex 30°/s Max. Torque Hamstrings 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 
S 2306533 26'887..90 
Within Subjects 
T 808.9) 806 V90L 
TS BOGE 59" (2601358737 


Mean Square Within Subjects: 163.69 


Natye Vor Es 5.625 
Numbers of Degrees of Freedom: 1 26 Critical, Ho r4n237% 
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see caine geen 


ae? Cybex 180° /s Max. Torque Quadriceps 


Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 

S 2OO0RRS 7 © 20 LOOM OZ 
Within Subjects 

E O79 65.) Loo 79.65 

Ts ZO (aol ieee Op a © 


Mean Square Within Subjects: 111.37 


Vatterott ties 50 
Number of Degrees of Freedom: 1 26 Critical Pi) Wi 2a"* 
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20.3 Cybex 180. /. Fatigue Slope Quadriceps 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


S) D835) .261,0.032 
Within Subjects 

ft OL047 3 10,047 

As Olezo2. 26) 0. Os 


Mean Square Within Subjects: 0.012 


Value of F: 4.300 
Numbers of Degrees of Freedom: 1 26 Gritrecale rs) "4.255% 


20.4 Cybex 1s00/e Max. Torque Hamstrings 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


S 7904.81 26 304.03 
Within Subjects 

5 1956.02) Fa1956. 02 

rs LOO TS4S267 41498 


Mean Square Within Subjects: 112.87 


Value of F: 46.59 
Numbers of Degrees of Freedom: 1 26 Criticalwl ) Gels 2ner 
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20.5 Cybex 180°/s Fatigue Slope Hamstrings 
Sums of Squares, Numbers of Degres of Freedom and Mean Squares: 


Among Subjects 


S 0.364 26 0.014 
Within Subjects 

as OKO50see O06 

Ts O138)'26:'07005 


Mean Square Within Subjects: 0.007 


Valuewor EF: ) 10.50 
Numbers of Degrees of Freedom: 1 26 Critical hs 7 172ees 
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20.6 Maximal Oxygen Consumption VO, max 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


S 1029270) 924742590 
Within Subjects 

lL 80.14 1 80.14 

ZS 159.31 24 6.64 


Mean Square Within Subjects: 9.58 


Value. or FS? i12.07 
Numbers of Degrees of Freedom: 1 24 CYiticatars. iso2ns 


Z067 Stair Run - Freestyle 


Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


5 O940 V7 10055 
Within Subjects 

T 0.04 1 0.04 

TS 0) 07 8-- 117905: 003 


Mean Square Within Subjects: 0.007 


Valueso€ Fey iS. 532 
Numbers of Degrees of Freedom: 1 17 Critical Fs “6.40%*% 
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peoler 21.10 To 21022 One-Way Repeated Measures Analysis of Variance 


2F.10 


Summary Tables for Significant Pre versus Post 
Test Differences by Position. (*p<0.10, 
**p<0.05, ***p<0.01). 


Defensive Backs - Cybex 30°/s Fatigue Slope Hamstrings 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 
S Gorse: 507031 
Within Subjects 
Tr 0.0f5--1 0.01 
TS OeO 130.00 


Mean Square Within Subjects: 0.005 


Varue voters 92. 103 
Numbers of Degrees of Freedom: 1 5 CYitdca Webs 400% 


Jared MA 


Offensive Lineman - Cybex 180°/s Max. Torque Quadriceps 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


S 8822.429 6 1470.405 
Within Subjects 

T 480.29 1 480.29 

TS AIO. PIS Oe Sl i9 


Mean Square Within Subjects: 138.71 


Veluesofer: 5.372 
Numbers of Degrees of Freedom: 1 6 Criercal fs) 13.16" 
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Wide and Inside Receivers - Cybex 180°/s Max Torque Hamstrings 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 
S ot7 243 5 103.48 
Within Subjects 
Z 468.75 1 468275 
TS Zee Co soD 


Mean Square Within Subjects: 115.25 


Vatue Toft Fs 10952 
Numbers of Degrees of Freedom: 1 5 Critical F: 6.61** 


Defensive Backs - Cybex 180°/s Max. Torque Hamstrings 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 
S 9a7e0) S 167.53 
Within Subjects 
A ASU233 Ls4S1.33 
is 67 eGs po LL. oo 


Mean Square Within Subjects: 91.5 


Vatuerofrrs W355 057 
Numbers of Degrees of Freedom: 1 5 Critical Fs) 16 .3°%% 
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Defensive Lineman and Linebackers - Cybex 180°/s Max. Torque 
Hamstrings 


Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


S 629.5 3 20983 
Within Subjects 

ar 264.) 1204.) 

Ts OF, D.. Seo 


Mean Square Within Subjects: 90.5 


VatuevoLir Sl 136 
Numbers of Degrees of Freedom: 1 3 Critical bg 5. 5a% 


ee nnn ccc nee EEE anEEE EIS SSIES SSRIS 


ore amas oy wa ri | tom 


a on La ang 


7 RN Minpe Peo Pel ‘#0 


a ga Tie Rae sa 


i u 
0 $TRAemn tp AAN pa 0 ~ ype done hems) Sineaiighe Osi (oe 5 edge redamalagre ered she ey ame tet mon a tape ie miss ceriaaees a 


“ Pee i*) in ts Dae pT irae 
> SO Tae UAT ye ietice eee 


“ 1 | “rasayela see 


“pe errbe em sommelier aig Se OF i ome en aM Ah rang A raha 


Bs ray : at oh) Ae 


+ si ardypid fusca boot amiga 


142 


Ii Ps, Offensive Lineman - Cybex 180°/s Max. Torque Hamstrings 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


S Toa 764307. 12 
Within Subjects 

ii Ss derlmaiwo kL TOTES) 

ES AVVO! PL OW09. a5 


Mean Square Within Subjects: 199.21 


Value of F: °14108 
Numbers of Degrees of Freedom: 1 6 Critica Web ien tag) 


Pils AG Quarterbacks and Running Backs - Cybex 180°/s Hamstring Trials 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


S PO ea 
Within Subjects 

26 UI A teas ol a ATG 

TS Se 36S Ghee 


Mean Square Within Subjects: B58 


Nabie “Of Ps io 
Numbers of Degrees of Freedom: 1 3 Critical lke joo" 


21.17. Defensive Lineman and Linebackers - Cybex 180°/s Fatigue Slope 
Hams trings 


Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


S 0.024 3) 0.008 
Within Subjects 

E O.'025) 1502025 

ES 00098 3/0. 003 


Mean Square Within Subjects: 0.009 


Value. (ofe He) 3.955 
Numbers of Degrees of Freedom: 1 3 Critdicall Bey. 5.54% 
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Defensive Backs - Maximal Oxygen Consumption vo, max 


Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 

> LOOP OLS 7.150 
Within Subjects 

T bOS PL 203 

ES 41438 5.6.27 


Mean Square Within Subjects: 24.89 


Mahuesoéer: W13707/ 
Numbers of Degrees of Freedom: Hie ss) Critical hs) 6701 


Quarterbacks and Running Backs - Maximal Oxygen Consumption 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 
S 2IL Eas Sie lO 
Within Subjects 
Hy 20. Com Lac Oso 
TS 12.21 3 4.068 


Mean Square Within Subjects: 9.713 


VabucaOtn) ba O.on 
Numbers of Degrees of Freedom: 1 3 Critiea tik: 25.54% 


22220 


Offensive Lineman - Stair Run Freestyle 


Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


S O7295)4,,07074 
Within Subjects 

T O07 WeOnU Ey 

LS @.007 74107002 


Mean Square Within Subjects: 0.005 


Valuevof Ff: 9.669 
Numbers of Degrees of Freedom: 1 4 Cyitical hata has i. 
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ele 21 Defensive Backs - Stair Run Trials 
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 
Among Subjects 
S 65,50) 321679 
Within Subjects 
43 136.21 30 Lela 6uo 
rs Sola they polaw aa 0h) 
Mean Square Within Subjects: 50.63 
Natue tof F:\ 6.1535 
Numbers of Degrees of Freedom: 1 3 Critica leks ys. 
24022 Defensive Backs - Stair Run Fatigue Slope All Trials 


Sums of Squares, Numbers of Degrees of Freedom and Mean Squares: 


Among Subjects 


5 0.0002345 3 0.00007816666667 
Within Subjects 

iy 0.000288 1 0.000288 

TS OV0CO ETT 13 58500005 7 


Mean Square Within Subjects: 0.00009975 


Value of F: 7.783783784 
Numbers of Degrees of Freedom: 1 3 Critical she (o.54* 
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Pape 22.1 To 22.6 One-Way Analysis of Variance Summary Tables and 


Newman-Keuls Post Hoc Tests® on Significant 
Differences Between Football Players Divided into 
Four Groups (**p<0.05) 


Zen 


Means. 


22,62 


Means. 


Cybex 180°/s Max. Torque Quadriceps 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups SES VAS Ae ee Ae oe 
Within Groups 40 15334885 °383537 
Total 43 18864.43 


Value of F: 3.069 
Numbers of Degrees of Freedom: 3 40 Criticalehtes 2 644% 


103.3 OT a0 10326 aut 
2 


Cybex 180°/s Max. Torque Hamstrings 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups 372682 °S93871 
Within Groups 4975107563 / 202.69 
Total 43 10788.80 


Value of F: 4.409 
Numbers of Degrees of Freedom: 3 40 Critical Es) 2.044% 


joe 64.9 1009 86.4 


4 Means are ordered in sequence (1. All Receivers, 2.Defensive Backs, 

3. Offensive Lineman, Running Backs and Quarterbacks, 4. Defensive 

Lineman and Linebackers). The numbers below a mean indicate that the mean 
designated by the number is significantly different from the mean below 


which it appears. 
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Percent Body Fat 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups J £96016 V65739 
Within Groups 39, 5323903 VESS64 
Total 42 728.19 


Value of F: 4.793 
Numbers of Degrees of Freedom: 3 39 Critical Fs 2.85% 


7570 8.93 12.24 13.14 
i AD 


Succinate Dehydrogenase Activity (SDH) 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups OP L259 7s Bae oe 
Within Groups 29.236. 254.250 
Total 32749522 


Value-of Fs 33458 
Numbers of Degrees of Freedom: 3 29 Criticalik: 2.93%% 


Ze Ti, 3.68 Ziel: 24 38 


Maximal Oxygen Consumption VO., max 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups Bal Ol SIO oO 
Within Groups AV 1069522 (26.08 
Total (ETRE IS ILA eT) 


Valuevot #:- 3.681 
Numbers of Degrees of Freedom: 3 41 Critical f: 233% 
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22.6 Stair Run - Freestyle 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups a Oo Wy ORL S50 
Within Groups 3470933 02027 
Total Bie 384 


Value e€ F: 5.474 
Numbers of Degrees of Freedom: 3 34 Gristheatle be)! e2..09 4% 
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Mable 23.1.10523.7 One-Way Analysis of Variance Summary Tables and 


Newman-Keuls Post Hoc Tests® on Significant 
Differences Between Football Players by Position. 
(**%p <0.05). 


Derek 


UE SAYs 


Means. 


Cybex 30°/s Max. Torque Quadriceps 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups F GLSOO AGE 59292785 
Within Groups 36° 78359 .83 2176.66 
Total “Smal OSOg, 


Valuesor Fs 92.724 
Numbers of Degrees of Freedom: 7 36 Cretvicaiwr: w2e260> 


POGE Oe POV Gt 0 Lean. £S2 30) 6200.4.) 22835 eet PATRI) 
i 


Cybex BOE Fatigue Slope Quadriceps 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups 720.9136 O88B0 
Within Groups 361.018 —0.045 
Total 4372.50) 


Vaikue: of Fi, 2.9038 
Number of Degrees of Freedom: 7 36 Critical ks) 2.26%% 


3964) 2569%, . 401i COlApe o> mpage 7L 768 


2 Means are ordered in sequence (1. Wide Receivers, 2. Inside Receivers, 


3. Quarterbacks, 


4. Running Backs, 5. Defensive Backs, 6. Linebackers, 


7. Defensive Lineman, 8. Offensive Lineman). The numbers below a mean 
indicate that the mean designated by the number 1s. sionificantly different 


from the mean below which it appears. 
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23.3 Cybex B0-7s Fatigue Slope Hamstrings 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups f OFS" “OZ 060 
Within Groups 56° O% C65 -0OR 024 
Total. (sige WU keg aes 


Value “or £2) 2.485 
Numbers of Degrees of Freedom: 7 36 Critieal Fs Ve2E*% 


Means. oO rOOD Selo SOloelazOY M202) Ovo) BOoe 


D2 oh Cybex 180°/s Max. Torque Quadriceps 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups 7 6912278 (987254 
Within Groups 66: tle 276 2245525. 76 
Total 43 18640 


Vadiue of Fs) 3.032 
Numbers of Degrees of Freedom: 7 36 Critical Bs. 2.28% 


Means. 998 / dOSeO £9le 5 88.3: a S756 9410237 442603: yd 12. 6 
i 
5 


ann cEEn ET 


eG Cybex 120.0/3 Max. Torque Hamstrings 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups 7 3344.49 477.78 
Within Groups 36 7444.5 5e 20672 
Total 43 10788.80 


Valuerorb: -2,.511 
Numbers of Degrees of Freedom: 7 36 Cri tical Es 12.23"% 


Means. OOM SL TMRN CD) 6685 04.9) 50.5 mone i254 
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Means. 


Tad) 


Means. 


TES YE 


Maximal Oxygen Consumption vo, max 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups: fet 269 647267, 
Within Groups 37°904.48 24,45 
Total COL s 7 L/ 


Value of F: 2.646 
Numbers of Degrees of Freedom: 7 37 (Sieh emery 188 Ratt: 


PO OO O18 59. 'O) HOS OU. 54. 1) Dom 6S 


ii 
8 


Percent Body Fat 


Number of Degrees of Freedom, Sums of Squares and Mean Squares: 


Among Groups J 2695425 3S 549 
Within Groups Bo BAO Gus L295 
Total 425 722.09 


Nate ober) 6 2.69:76 
Numbers of Degrees of Freedom: 7 35 Critical FE 2.29% 
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